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PREFACE. 



Ths object of this book is to provide^ in moderate bulk, a collec- 
tion of Rules and Tables relating to those parts of mathematical 
and mechanical science whose application most frequently occurs 
in the useful arts^ and e^)ecially in engineering and practical 
mechanics. The use of algebraical symbols is avoided, except in 
those cases in which the rules cannot be clearly expressed without 
them. 

The rules and tables of the First Part belong to Arithmetic 
and Mensuration. The tables of 'well-known quantities, such as 
squares, cubes, and logarithms, have been drawn from the most 
trustworthy sources, and their accuracy independently tested 
throughout ; the circumferences and areas of circles may be relied 
on to the last figure. The table of trigonometrical functions con- 
sists of only a single page; but it is sufficient, nevertheless, for the 
solution of such problems in practical mechanics as involve the use 
of those functions; for purposes of Geodesy, the only proper trig- 
onometrical tables are such as fill a large part of a bulky volume. 
The summary of the rules of trigonometry is complete. Great 
care has been bestowed on the arrangement and explanation of 
those important rules which relate to the measurement of the areaa 
of sur&ces, volumes of solid figures, and lengths of curves, and the 
finding of the centres of magnitude of aU those classes of figures. 

The Second Part relates to the Mea&ares, commonly so called, of 
dififerent nations, and contsdns tables and rules relating not only 
to measures of angles, time, length, surface, volume, weight, and 
value, but to those of quantities more or less complex, such as 
speed, heaviness, pressure, work, power, moment, absolute force, 
and heat. The values of the various imits of measure mentioned 
are compared with the standards of the British legal system, and 
t>f the metrical system (whose use is now permitted in Britain); 
and those standards are compared with each pther according to the 
best authorities-^viz., the paper of Mr. Aiiy, Astronomer-Boyal, 



^w 



)V PBBFACE, 

on ^'Standards of Measure," and that of Professor Miller on the 
** Standard Pound." (In the Second Edition, those comparisons 
were brought into conformity with the work of Captain Clarke, 
R.E, on " Standards of Length"). 

The Third Part relates to Engineering Ceodesy, comprehending 
surveying, levelling, and the setting out of works. The rules 
which depend on the figure and dimensions of the earth, such as 
those for calculating the lengths of arcs of the meridian, and of arcs 
intersecting the meridian at different angles, are founded on the 
most probable determinations of the earth's dimensions. The rules 
for the setting out of works comprehend directions for ranging 
curves on lines of railway, and for easing the changes of curvature 
at the junctions of such curves with each other, and with straight 
linea The Part concludes with a system of rules for the measure- 
ment of earthwork. 

The Fourth Part relates to Distributed Forces and Mechanical 
Centres. It includes tables of heaviness and specific gravity, and 
of expansion by heat; and rules for finding centres of gravity, 
moments of weight and of inertia, centres of pressure, centres of 
percussion, and centres of buoyancy. 

The Fifth Part relates to the Balance and Stability of Structures, 
including frames, chains, and arched ribs, retaining walls, piers and 
abutments, arches of masonry, and foundations of different kinds. 

The Sixth Part relates to the Strength of Materials. It com- 
mences with a series of tables of the resistance of various kinds of 
materials to straining actions of different kinds ; followed by ndes 
for the computation of the strength of materials in the various 
forms in which they are used in structures and machines ; such as 
ties, pipes and cylinders, pillars, axles, beams, chains, and arches. 

The Seventh Part relates to Machines in general ; giving in the^ 
first place rules for the comparison of the motions of different points 
in a machine, and for the designing of the more important parts of 
mechanism, such as wheels and their teeth, speed-cones, parallel 
motions, &c. These are followed by rules relating to the work of 
machines at imiform speed and at varying speed, to centrifugal 
force, the balancing of machinery, and the use of fly-wheels ; and 
by directions how the rules of the sixth part are to be applied to 
the strength of machineiy. In the course of this Part, rules are 
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given for the resistance of carriages on roads and railways^ the 
tractive power of locomotives^ and the ruling gradients of railways. 
The Part concludes with rules as to the power of horses and other 
animals, and of men, and a table of the quantity of labour required 
in various operations. 

In the Eighth Part are given rules applicable to Hydraulic and 
Marine Engineering; such as those which determine the head re- 
quired to produce a given discharge of water through a given 
channel or pipe ; the discharge from a given outlet with a given 
head; the dimensions of the pipe or channel required to discharge 
water at a given rate with a given head; and the strength of water- 
pipes. Then follow rules for the designing of hydraulic prime 
movers ; such as vertical water-wheels, overshot or undershot, and 
turbines ; then rules applicable to windmills. Lastly, rules are 
given for the estimation of the resistance of water to the motion of 
ships ; for the determination of the proper dimensions of propelling 
instruments of different kinds, jets, paddles, or screws, and of the 
engine-power required to drive them; and for calculating the 
quantity of sail which a given ship can safely carry ; — ^all founded 
on practical experience on the-lfirge scale. 

The Ninth Part relates to Heat and the Steam Engine. It con- 
tains a system of rules and tables founded on the true principles of 
thermodynamics, and at the same time reduced to a degree of 
brevity and simplicity which it is believed hsw not hitherto been 
attained, for determining . the relations between work done and 
heat expended in any actual or proposed steam engine. Those 
are followed by rules for fixing the leading dimensions of the 
principal parts of an engine required to do a given duty under 
given circumstances : for the heating power and the expenditure 
of fuel : for the efficiency and dimensions of furnaces and boilers ; 
and for the proportioning of slide- valve gear, link-motions, and 
other fittings of steam engines. At the end of the text is a 
plate containing a pair of diagrams of the mechanical properties of 
steam, by the use of which much of the labour of calculation may 
be saved; and this is followed by a very full alphabetical index. 

In this Third Edition various corrections, amendments, and 
additions have been made. 

W. J. M. IL 

6lA8€K>W UNrVEBSITT, 1868. 
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Approzlnate Bnlcs for Safetr Talrc*. (See also p. 303.)— To 

find the area of actual opening required. Divide the area of 
heating surfiB.ce in square feet by 3 (or the area in square inches 
by 432) ; divide the quotient by the absolute pressure in pounds 
on the square inch : the final quotient will be the area required 
in fractions of a square inch. 

N,B, — This is based on experiments made with circular valves 
having a lift not exceeding ^ of diameter. 

Given the proportion of Htt to diameter and the area of opening 
to find the area of the circular valve seat. Midtiply the area of 
opening by \ of the ratio in which the diameter is greater than the 
lift. Special rules for valves in which, with a pressure of 1 pounds 
above the atmosphere, the valve is to rise not more than-j^ of the 
diameter of the valve seat. To find the area of the circular valve 
seat. Divide the area of heating surface by 2000 ; the quotient will 
\}Q in the same sort of measure with the area of the heating surface. 
To insure the same proportionate rise with a greater minimum pres- 
sure, the area shoidd be varied inversely as the absolute pressure. 
To insure the same proportionate rise with a less minimum pressure, 
the area of valve seat should be made to vary inversely as the square 
root of the effective miTiimnTn pressure above the atmosphere. 

Proportions of BritUli md Frencli Meaanres.— In the Compara- 
tive Tables of Measures contained in this volume, the value of 
the standard metre in inches is taken as ascertained at the 
British Ordnance Survey Office, viz., 39*37043. 

Such is the true scientific value of the metre : it has been shown, 
however, by the British Commission on Standards (see Appendix 
to Fifth Report, p. 198) that the commercial metre, owing to ex- 
pansion by heat, is longer than the scientific metre, being 39 '3820 3 
inches. The difference is 0*0116 of an inch in each metre; that 
is to say, very nearly 0*295 millimetres in a metre. 

ftmadara cuoIob.— In the Act of Parliament relating to this 
subject the definition of the gallon as being the capacity of 10 lbs. 
of pure water at 62° Fahr. is that first given, and is obviously to be 
always followed when practicable. The alternative definition of 
277*274 cubic inches is given as a means of determining the 
gallon when the first-mentioned method is impracticable. The 
second definition, however, is by far the more frequent in popular 
and even in scientific use. It makes the gallon greater than the 
first definition does in the proportion very nearly of 1*00054 : 1. 

Fluid Ounce. —By an Order in Council, of the year 1871, a fiuid 
ounce is recognized as being one-one-hundred-and-sixtyth of a 
gallon. 
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NUMBERS AND ^WRE» 4^] | p( > 1 » \ j V . 
Table 1. — Squares, Cubes, Beciproca j I ; AWii CuMMOJi ~ 

LOGABITHHS OF NUMBEBS FROM 101 TO 999. 

EXPLAITATION. 

Squares, Cubea, and Reciprocals. 

1. The square, cube, and reciprocal of 1 are each of them 1. 

2. The square of any integer power of 10 is 1 followed by twice 
as many noughts as there are in the original number; for example, 
102 ^ 100; 1002 ^ 10000, &c. 

3. The cube of any integer power of 10 is 1 followed by thrice 
as many noughts as there are in the original number; for example, 
102 =r 1000 ; 1002 ^ 1000000, &c. 

4. The reciprocal of any integer power of 10 is 1 preceded by a 
decimal point, and by one nought fewer than the original number 
contains. For example, 

JL T. . — '01 • — *QQ1 Arc 

10"*^ Too"" ^ 1000" ""^'*^*'- 

5. The table gives the squares and cubes of all integer numbers 
consisting of three figures. To find the square and cube of any 
integer number consisting of two figures or one figure; annex one 
or two noughts, as the case may be; look for the number so formed 
in the left-hand column, take the square and cube opposite to it. 
and omit the noughts from the right of each of them. For example; 
to find the square and cube of 15; look for 150; then we find 





Nmnber. 
150 




Square. 
22500 


Oabe. 
3375000 


from which, 


omitting 


the 


noughts, we 


obtain 




IS 




225 

B 


3375 
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Again, to find the square and cube of 7, look for 700; then we 
find 

Number. Square. Cube. 

700 490000 343000000 

fiK)ni which, omitting the noughts, we obtain 

7 49 343 

6. To find the square and cube of a number consisting of three 
figures followed by noughts ; find the square and cube opposite the 
first three figures in the table ; annex twice as many noughts to 
the square, and thrice as many noughts to the cube. For example. 

Number. Square. Cube. 

377 142129 53582633 

3770 14212900 63582633000 

37700 142 I 290000 53582633000000 

and so on. 

7. The square and cube of a number consisting either wholly or 
partly of decimal fractions consist of the same figures as if the 
number were an integer; but the square contains twice as ];nany, 
and the cube thrice as many places of decimals as the original 
number. The proper number of places is to be made up by pre- 
fixing noughts when required. For example. 



Number. 


Squarei 


Cube. 


377 


I42129 


63582633 


37-7 


1421*29 


53582-633 


3*77 


14*2129 


53-582633 


•377 


•142129 


•053582633 


•0377 


•OOI42129 


•000053582633 




and so on. 





8. The reciprocals given in the table are those of int^ers of 
three figures. For every nought that is annexed to the right of 
the original number, a nought is to be inserted at the left of the 
reciprocal; and for every place of decimals that is cut off at the 
rigM of the original number, the decimal point is to be shifted one 
place to the righi in the reciprocal For example, 



Nmnber. 
160 

1600 

16000 




BeciproeaL 
•00625 

•000625 

•0000625 




and 


SO on; 


6 




•0625 


1-6 




•625 


•16 




625 


•016 




625 


•0016 


625 
and so on. 
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9. The reciprocal of the recipvooal of a xramber is the or^final 
number itsell For example, 

The reciprocal of i6o is '00625 
The reciprocal of '00625 is 160 

Hence, when convenient, the reciprocal of a number may some- 
times be found by looking for the number in the column of reci- 
procals, and the reciprocal in the column of original numbers. 

10. To reduce a vulgar fraction to a decimal fraction; multiply 
the reciprocal of the denominHtor of the vulgar fraction by the 
numerator. For example^ to reduce ll-16ths to a cbcdmal 
fraction; 

Beciprocal of 16, "0625 

X Numerator...... , 11 

•6875 Answer. 

NoTK — The only numbers whose reciprocals can be expressed 
exactly/ in decimal fractions are 2, 5, and their powers and pro- 
ducts. Niunbers divisible by any other prime factor give either 
repeating or circulating decimals as their reciprocals. 

11. The square of the product of two numbers is the product of 
their squares ; the cube of their product is the product of their cubes. 
For example, 

19982 = (999x2)2 = 9992x22 
= 998001x4 = 3992004; 

19983 = (999x2)»= 9998x23 
= 997002999 x 8 = 7976023992. 

12. To find the square or cube of a quotient or fraction; divide 
the square or cube of the dividend or numerator by the square or 
cube of the divisor or denominator. For example, 



( 



99_9y^9|s^997002999^j24625374'876. 



13. To find the square of the sum of two numbers; add together 
their squares and twice their product. For example, to find the 
square of 37725 = 37700 + 25; 

377002=1421290000 

252= 625 

37700 X 25 X 2 = 1885000 

377252 = 1423175625 Stmu 

14. To £nd the square of the difierence of two numbers; irom 
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the sum of their squares subtract twice their product. Example : 
to find the square of 37725 = 37800 - 75 ; 

378002 = 1428840000 
752= 5625 

1428845625 Sum. 
37800 X 75 X 2 5670000 Subtracted 

377252 (as before) 1423175625 Remainder. 

15. To find the cube of the sum of two numbers; add together the 
cubes of the numbers and three times the square of each multiplied 
by the other. 

Foi: example, to find the cube of 37725 = 37700 + 25; 

377008 = 53582633000000 
25^= 15%25 

377002 X 25 X 3 

= 1421290000 X 25 x 3= 106596750000 
37700 X 252 X 3 = 70687500 

377253= 53689300453125 Sum. 

16. To find the cube of the difference of two numbers; to the 
cube of each of them add three times its product by the square of 
the other; subtract the less of those sums from the greater. For 
example, to find the cube of 37725 = 37800 - 75; 

378003 = 54010152000000 
37800 X 752 X 3 = 637875000 



- 54010789875000 Sum. 



753= 421875 

75 X 378002 X 3 = 321489000000 



321489421875 Sum. 



377253 (as before) 53689300453125 Diff. 

Extraction 0/ Square and Cvhe Roots. 

17. For convenience in the extraction of roots, the squares in 
the table are divided into periods of two figures, commencing at the 
right, the left-hand period sometimes containing one figure only ; 
and the cubes are divided into periods of three figures, commenciug 
at the right, the left-hand period sometimes containing two figures 
or one figure only. The number of periods in the square and the 
cube respectively is the same with the number of figures in the 
root, or original number; and should there be a decimal point 
between two figures of the root, the decimal points in the square 
and cube respectively are between the periods corresponding to 
those figures. (For examples, see Articles 6 and 7.) 

18. To find the square root of an exact square of not more than 
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six figures; divide the given square into periods of two figures, 
beginning at the decimal point ; look in the column of squares for 
the same figures, similarly divided into periods; the root will be 
opposita Then place the decimal point so that the root shall have 
the same number of integer figures that the square has of integer 
periods. 

19. To extract the approximate square root of a given number 
that is not an exact square, correct to three figures; divide the 
given number into periods of two figures, commencing at the 
decimal point; then look in the column of squares for the nearest 
square that has the same lefi-hand period with the given number; the 
root opposite that square will give the first three figures of the 
required root. Then place the decimal point as directed in 
Rule 18. 

20. To extract the approximate square root of a given number 
having three periods of figures that is not an exact square, correct 
to five places of figurea For the first three figures, take the root 
of that square in the table which is next below the given number, 
and has its left-hand period the same. Subtract that square from 
the given number; annex two noughts to the remainder; then 
divide it by the sum of the three figures found and the next greater 
root in the table; the integer figures of the quotient will be the 
two additional figures of the approximate root. (Should there 
be but one integer figure in the quotient, insert a nought 
before it) 

Examples of Eules 18, 19, and 20. 

I. Extract the square root of 1421*29. Divide this number 
into periods of two figures, thus, 14 21 '29. Then amongst 
the squares in the table whose left-hand period is 14 is found 
142129, the square of 377; so that the given number is an 
exact square. The decimal point coming between the second and 
third periods of the square "shows that the decimal point comes 
between the second and third figures of the root; wluch is there- 
fore 37-7. 

II. Extract the approximate square root of 1423*18, correct to 
three figures. Divide the number into periods of two figures, thus, 
14 23 -18. 

Given number, .14 23 '18 

Nearest square of which the ) ^^ gl -29 = 37*72 
left-hand penod is 14, j 

Therefore 37*7 is the approximate root required. 

in. Extract the approximate square root of 1423*18, correct to 
five figures; 
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Given number, in periods as before, 14 23 '18 

Next less square in the table, 14 21 '29 = 37 '7^ 

Divide by 377 + 378 = 755..., ) 1 8900 Diff. 

■^— ^^i"^"^^»""T 111" I 

Quotient^ being tbe two additional figures required, 25; 

37^725, approximate root. 

Note.' — ^It is essential thai the Ufi-hand period, and not merely 
the left-hand figures, of the square in the table should agree with 
the given number; otherwise great errors will arise. In the 
examples given the same left-hand figures are found in 14161, the 
square of 119, as in the given number; but the left-hand period is 
only 1 instead of 14; and it would be a great error to take 119 as 
an approximation to the root required. 

The same remark applies to the rules for extracting the cube 
root, now about to be given. 

21. To find the cube root of an exact cube of not more than 
nine figures; divide the given cube into periods of three figures, 
beginning at the decimal point; look in the column of cubes for 
the same figures similarly divided into periods; the root will be 
opposite. Then place the decimal point so that the root shall have 
the same number of integer figures that the cube has of integer 
periods. 

22. To extract the approximate cube root of (i giveoi number 
that is not an exact cube, correct to three figures; divide the 
given number into periods of three figures, commencing at the 
decimal point; then look in the column of cubes for the nearest 
cube that has the sa/me left-hand period with the given number; the 
root opposite that square will be the required approximate root. 

23. To extract the approximate cube root of a given number 
having three periods of figures that is not an exact cube, correct 
to five places. of figures. For the first three figures, take the root 
of that cube in the table which is next below the given number, 
aruLhaa its left-kand period the same, . Subtract that cube from the 
given number; annex two noughts to the remainder; then divide 
it by the three figures already found, by the same three figures 
plus one, and by 3; the integer figures of the quotient will be the 
two. additional figures of the approximate root. (Should there be 
but one integer figure in the quotient, insert a nought before it). 

Examples of Exiles 21, 22, and 23. 

I. Extract the cube root of 53-582633. Divide the number into 
periods of three figures, beginniug at the decimal point, thus, 
53-582 633. Then amongst the cubes in the table whose left*hand 
period is 53 there is^ found 53 582 mS, the cube of 377; so that the 
given number is an exact cube. The decimal point coming between 
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the first and second periods in the cube shows that the decimal 
point comes between the first and second periods in the root; 
which is therefore 3*77. 

II. Extract the approximate cube root of 53*6893, correct to 
three figures. Divide the number into periods of three figures^ 
thus, 53-689 300. Then we have, 

Given number, 53- 689 300 

^1!J^l*''"?^''-'!J^'L*^H^3- 582 633=3778 
leftrhand penod is 53,. .. j 

Therefore 3*77 is the approximate root required. 

III. Extract the approximate cube root of 53^893, correct to 
five figures. 

Given number, in periods as before,... 53- 689 300 

Next less cube in the table, .53- 582 633 =3778 

Divide by 377 ) 106 667 00 Z>t^ 

Divide by 378 ) 282 93 

Divide by 3 ) 75 

Quotient, being the two additional figures required, 25 

3*7725, approximate root. 

Vae of Sqwvrea for Mtdtiplication, 

24 To multiply two numbers together by means of a table of 
squares. 

Case L If both numbers are odd, or both even; from the square 
of their half-sum subtract the square of their half-difierence; the 
remainder will be the product required. 

Case IL If one niunber is odd, and the other even ; subtract 
1 firom the even number, so as to leave an odd remainder; 
multiply the first odd number and the odd remainder together as 
iu Case I, and to their product add the first odd number; the sum 
will be the product required. 

Example I.— -Multiply together 377 and 591 

968 
Half-sum, -2-= 484; its square, 234256 

214 
Half-diff., -g^ = 107 ; its square, 1 1449 

Product reqmred, 222807 

Example II. — ^Multiply together 377 and 592. 
377 X 591, by Case I. = 222807 

Add 377 

Product required, 223184 
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Common Loga/nthms. 

25. The logarithm of 1 is 0; 

2Q, The common logarithm of 10 is 1, and that of any power of 
10 is the index of that power; in other words, it is equal to the 
number of noughts in tlie power; thus the common logarithm of 
100 is 2; that of 1000, 3; and so on. 

27. The common logarithm of •! is — 1, and that of any power 
of '1 is the index of that power with the negative sign; that is, it 
is equal to one more than the number of noughts between the 
decimal point and the figure 1, with the negative sign; for example, 
the common logarithm of '01 is— 2; that of '001, — 3; and so on. 

28. The logarithms given in the table ai-e merely the fractional 
jmrt^s of the logarithms, correct to ^yq places of decimals, without 
the integral parts or indices; which are supplied in each case 
tujcording to the following rules : — 

The index of the common logarithm of a number not less than 
1 is one less than the number of integer places of figures in that 
number; that is to say, for numbers less than 10 and not less than 
I, the index is ; for numbers less than 100 and not less than 10, 
the index is 1 ; for numbers less than 1000 and not less than 100, 
the index is 2 ; and so on. 

The index of the common logarithm of a decimal fraction less 
than 1 is negative, and is one more than the mimber of noughts 
between the decimal point and the significant figures; and the 
B^ative sign is usually written above instead of before the index ; 
that is to say, for numbers less than 1 and not less than '1, the 

index is 1; for numbers less than *1 and not less than '01, the 
index is 2; and so on. 

The fractional part of a common logarithm is always positive, 
and depends solely upon the series of figures of which the number 
consists, and not upon the place of the decimal point amongst 
them. 



Examples. 




Number. 


Logarithm. 


377000 


5*57634 


• 37700 


4*57634 


3770 


357634 


377 


2-57634 


37*7 


1*57634 


3-77 


0*57634 


•377 


1*57634 


•0377 


3*57634 


•00377 


357634 


and so on. 
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29. The logarithm of a product is the sum of the logarithms of 
its factors. 

30. The logarithm of a power is equal to the logarithm of the 
root multiplied by the index of the power. 

31. The logarithm of a quotient is found by subtracting th& 
logarithm of the divisor from the logarithm of the dividend. 

32. The logarithm of a root is found by dividing the logarithm 
of one of its powers by the index of that power. 

NoTK — In applying the principles 29 and 31 to logarithms of 
numbers less than 1^ it is to be observed that negative indices are 
to be subtracted instead of being added^ and added instead of being 
subtracted. 

33. To avoid the inconvenience which attends the use of negative 
indices to logarithms, it is a very common practice to put, instead 
of a negative index to the logarithm of a fraction, the complement 

(as it is called) of that index to 10; that is to say, 9 instead of T, 

8 instead of 5^ 7 instead of 3, and so on. In such cases, it is always 
to be understood that each such complementary index has — 10 
combined with it; and to prevent mistakes, it is useful to prefix 
— 10 + to it; for example, 

"KTrimKa*. Logarithm with Logarithm with 

xNiunDer. Negative Index. Complementary Index. 

•377 1-57634 -10 + 9-57634 

•0377 2-57634 -10 + 8-57634 

•00377 3-57634 -10 + 7-57634 

34. To find the fractional part of the common logarithm of a 
number of five places of figures; take from the table the logarithm 
corresponding to the first three figures, and the difference between 
that logarithm and the next greater logarithm in the table; mul- 
tiply that difference by the two remaining figures of the given 
number, and divide by 100; the quotient will be a correction, to 
be added to the logarithm already found. 

Example. — Find the common logarithm of 37725. 

Log. 377, 57634 

Log. 378, .57749 

Difference, 115 

__k25 + 100 

Correction, 29 

Add log. 377, 57634 

Log. 37725, 57663 Anatoer. 

35. To find the natural number, or antilogarithm, corresponding 
to a common logarithm of five places of decimals, which is not in 
the table; find the next less, and the next greater logarithm in 
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the table, and take their difference. Opposite the next less 
logarithm will be the first three figures of the antilogarithm. 
Subtract the next less logarithm from the given logarithm; annex 
two noughts to the remainder, and divide by the before-mentioned 
difference ; the quotient will give two additional figures of the 
required antilogarithm. (The first of those figures may be a 
nought.) 

Example. — Find the antilogarithm of the common logarithm 
•1^7663. 

Nei^t less log. in table, 57634 

Next greater, 57749 

Difference, 115 

Given logarithm, 57663 

-^ Subtract log, 377, 57634 

Divide by difference, 115)2900 

Two additional figures,... 25 

so that the answer is 37725. 

Explanation of Table 1a and Table 2. 

Table 1 A, immediately following Table 1, gives the approximate 
square roots, cube roots, and reciprocals of the prime numbers 
from 2 to 97 inclusive; the roots to seven, and the reciprocals to 
nine places of decimals. 

Table 2, following Table 1 A, gives the squares and fifth powers 
of numbers from 10 to 99 inclusive. 
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1 


Na 1 Square. 


Cube. 


Reciprocal 


CJjog. 


XCI I02 0I 


I 030 301 


•009900990 


00432 


I02 X 04 04 


I 061 208 


•009803922 


00860 


103 ••• I 06 09 


.•. 1092727 


'009708738 


01284 


104 I 08 16 


I 124864 


•009615385 


01703 


105 1 I 10 25 


I 157 625 


•009523810 


O2II9 


IO<^ 1 ... 1 12 36 


... I 191 016 


'009433962 


02531 


107 I 14 49 


I 225 043 


•009345794 


02938 


108 / X 16 64 


I 259712 


•009259259 


03342 


109 / •.. I 18 81 


... I 295029 


'009174312 


03743 


1 no / X 2Z 00 


I 331 000 


•009090909 


04139 


1 III / X 23 2Z 


I 367 631 


•009009009 


04532 


112 1 ,^ X 2S 44 


... 1404928 


'008928571 


04922 


113 1 1 137 69 


I 442 897 


•008849558 


05308 


114 


I ap 96 


I 481 544 


•008771930 


05690 


"5 


- 1.312 25 


... 1520875 


'008695652 


06070 


116 


1 34 5^ 


1 560 896 


•008620690 


06446 


117 


I 3689 


I 601 613 


•008547009 


06819 


118 


••• I 39 ^4 


... 1643032 


-008474576 


07188 


119 I 1 4X 61 


I 685 159 


'008403361 


07555 


120 1 I 44 00 


I 728 000 


•008333333 


07918 


1 121 1 ..• I 4^ 41 


... I 771 561 


'O08264463 


08279 


122 I I 4B 84 


I 815 848 


•008 1 967 2 1 


08636 


1 123 I I 5^ 29 


I 860 867 


•008130081 


08991 


1 124 1 ... I 53 7^ 


... I 906624 


-008064516 


09342 


125 I s^ 25 


I 953 125 


•008000000 


09691 


1 126 I 587^5 


2 000 376 


•007936508 


10037 


1 127 ••• 1 61 29 


... 2 048 383 


-007874016 


*io38o 


1 128 16384 


2097 152 


'OO78125OO 


10721 


I 129 


I 66 41 


2146689 


•007751938 


1 1059 


130 


... 1 69 00 


... 2197000 


-007692308 


"394 


131 1 71 61 


2 248 091 


•007633588 


11727 


132 17424 


2 299 968 


•0075757^8 


12057 


133 


... 17689 


... 2352637 


-007518797 


12385 




134 


17956 


2 406 104 


•007462687 


127 10 




135 


18225 


2460375 


*oo74o7407 


13033 




136 


... I 84 96 


... 2515456 


'007352941 


13354 




137 


18769 


. 2571353V 


* / •0^7299270 


13672 




138 


19044 


2628072 


•007246377 


13988 




139 


... I 93 21 


... 2685619 


-007194245 


14301 




140 


I 9600 


2744000 


•007142857 


14613 




141 


I 98 81 


2803221 


•007092199 


14922 




142 


... 20164 


... 2863288 


^007042254 


15229 




143 


20449 


2 924 207 


•006993007 


15534 




144 


20736 


2 985 984 


•006944444 


15836 




145 


2 1025 


3 048 625 


•006896552 


16137 



.2 



No. 


Square. 


Cube. 


Reciprocal 


C Log. 


146 


2 13 16 


3 112 136 


•006849315 


16435 


147 


2 1609 


3176523 


•006802721 


16732 


148 


... 2 1904 


... 3241792 


'006756757 


17026 


149 


2 22 01 


3 307 949 


•0067 1 1 409 


17319 


150 


2 2500 


3375000 


•006666667 


17609 


151 


... 2 2801 


..• 3442951 


-006622517 


17898 


152 


23104 


3 511 808 


•006578947 


18184 


153 


23409 


3581577 


•006535948 


18469 


154 


... 237 16 


... 3652 264 


-006493506 


18752 


155 


24025 


3723875 


-006451613 


19033 


156 


24336 


3796416 


•006410256 


19312 


157 


... 2 46 49 


... 3869893 


-006369427 


19590 


158 


2 49 64 


3944312 


•0063291 14 


19866 


159 


25281 


4019679 


•006289308 


20140 


160 


... 2 5600 


... 4096000 


'006250000 


20412 


161 


25921 


4 173 281 


•06621 1 180 


20683 


162 


2 62 44 


4251528 


•006172840 


20952 


163 


... 265 69 


..• 4330747 


•006134969 


21219 


164 


26896 


4 410 944 


•006097561 


21484 


165 


27225 


4492125 


•006060606 


21748 


166 


... 27556 


... 4574296 


'006024096 


220II 


167 


27889 


4 657 463 


•005988024 


22272 


168 


28224 


4741632 


•005952381 


22531 


169 


... 28561 


... 4826809 


-005917160 


22789 


170 


28900 


4913000 


•005882353 


23045 


171 


2 9241 


5000 211 


•005847953 


23300 


172 


... 29584 


... 5088448 


'005813953 


23553 


173 


2 9929 


5177717 


•005780347 


23805 


174 


30276 


5 268 024 


•005747126 


24055 


175 


... 30625 


•.• 5 359 375 


-005714286 


24304 


176 


30976 


5451776 


•00568 1 8 18 


24551 


177 


31329 


5 545 233 


•005649718 


24797 


178 


... 3 1684 


— 5639752 


•005617978 


25042 


179 


32041 


5 735 339 


•005586592 


25285 


180 


32400 


6 832 000 


•005555556 


25527 


181 


... 32761 


... 5929741 


'005524862 


25768 


182 


33124 


6 028 568 


•005494505 


26007 


183 


33489 


6128487 


•005464481 


26245 


184 


... 33856 


... 6 229504 


-005434783 


26482 


185 


34225 


6331625 


•005405405 


26717 


186 


34596 


6 434 856 


•005376344 


26951 


187 


... 34969 


... 6539203 


'005347594 


27184 


188 


3 53 44 


6644672 


•005319149 


27416 


189 


35721 


6751 269 


•005291005 


27646 


190 


361 00 


6 859 000 


•005263158 


27875 
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No. 


Sqiiare. 


Cube. 


Reciprocal 


C. Log. 


191 


36481 


6967871 


•005235602 


28103 


192 


36864 


7 077 888 


•005208333 


28330 


193 


... 37249 


... 7 189057 


-005181347 


28556 


194 


37636 


7 301 384 


•005154639 


28780 


^95 


38025 


7414875 


•005128205 


29003 


196 


... 384 16 


— 7529536 


-005102041 


29226 


197 


38809 


7 645 373 


•005076142 


29447 


198 


39204 


7762392 


•005050505 


29667 


199 


... 39601 


... 7880599 


-005025126 


29885 


200 


40000 


8 000 000 


-005000000 


30103 


201 


40401 


8 120601 


•004975124 


30320 


i202 


... 40804 


... 8 242 408 


'004950495 


30535 


203 


41209 


8 365 427 


•004926108 


30750 


204 


4 16 16 


8 489 664 


•00490 1 96 1 


30963 


205 


... 42025 


... 8615 125 


-004878049 


3II75 


206 


42436 


8 741 816 


•004854369 


31387 


207 


42849 


8 869 743 


•004830918 


31597 


208 


... 43264 


... 8998912 


^004807692 


31806 


209 


43681 


9129329 


•004784689 


32015 


210 


44100 


9 261 000 


•004761905 


32222 


211 


... 44521 


— 9393931 


'004739336 


32428 


212 


4 49 44 


9528128 


-004716981 


32634 


213 


45369 


9 663 597 


•004694836 


32838 


214 


... 45796 


... 9800344 


-004672897 


33041 


215 


46225 


9 938 375 


•004651 163 


33244 


216 


46656 


10077 696 


•004629630 


33445 


217 


... 47089 


...10218313 


-004608295 


33646 


218 


47524 


10360 232 


•004587156 


33846 


219 


47961 


10503459 


•004566210 


34044 


220 


... 48400 


...10648000 


'OO4545455 


34242 


221 


48841 


10793861 


•004524887 


34439 


222 


4 9'^ 84 


10 941 048 


•004504505 


34635 


223 


... 49729 


...II 089 567 


-004484305 


34830 


224 


50176 


II 239 424 


•004464286 


35025 


225 


50625 


II 390 625 


•004444444 


35218 


226 


... 5 1076 


...11 543 176 


-004424779 


35411 


227 


51529 


11697083 


•004405286 


35603 


228 


51984 


II 852 352 


•004385965 


35793 


229 


... 52441 


...12008989 


-004366812 


35984 


230 


52900 


12 167 000 


•004347826 


36173 


231 


53361 


12 326391 


-004329004 


36361 


232 


— 53824 


...12487 168 


'OO43 10345 


36549 


233 


54289 


12649337 


-004291845 


36736 


234 


54756 


12 812 904 


-004273504 


36922 


235 


55225 


12977875 


•004255319 


37107 
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No. 


Square. 


Cube. 


Reciprocal. 


CLog. 


236 


5569^ 


13 144 256 


•004237288 


37291 


^Sl 


S6169 


13 312 053 


'004219409 


37475 


23S 


... 56644 


..,13481 272 


'004201681 


37658 


239 


6 71 21 


13 651 919 


•0041 84100 


37840 


240 


57600 


13 824 000 


•004166667 


• 38021 


241 


... 58081 


-13997521 


-004149378 


38202 


242 


58564 


14 172 488 


•OO413223I 


38382 


243 


69049 


14 348 907 


•0041 15226 


38561 


244 


— 5 95 3<5 


...14526784 


-004098361 


38739 


245 


60025 


14706 125 


•004081633 


38917 


246 


60516 


14 886 936 


•004065041 


39094 


247 


... 6 1009 


...15069 223 


-004048583 


39270 


248 


61504 


15 252 992 


•004032258 


39445 


249 


62001 


^5 438 249 


•004016064 


39620 


250 


... 62500 


...15625000 


'004000000 


.39794 


251 


63001 


15 813 251 


•003984064 


39967 


252 


63504 


16003008 


-003968254 


40140 


253 


... 64009 


...16 194277 


'003952569 


40312 


254 


64516 


16 387 064 


•003937008 


40483 


255 


65025 


16 581 375 


•003921569 


40654 


256 


... 65536 


...16777 216 


^003906250 


40824 


257 


66049 


1^974 593 


•OO389IO5I 


40993 


258 


66564 


171735^2 


•003875969 


41162 


259 


... 67081 


..17373979 


^00386 1004 


41330 


260 


67600 


17 576 000 


•003846154 


41497 


261 


681 21 


17 779 581 


•003831 418 


41664 


262 


... 68644 


...17984728 


.......003816794 


41830 


263 


691 6g 


18 191 447 


•003802281 


41996 


264 


6g6g6 


18399744 


•003787879 


42160 


265 


... 70225 


...18609625 


'003773585 


42325 


266 


70756 


18 821 096 


•003759398 


42488 


267 


7 1289 


19034 163 


•003745318 


42651 


268 


... 7 1824 


...19248832 


'003731343 


42813* 


269 


72361 


19 465 109 


•003717472 


42975 


270 


7 2900 


19 683 000 


•003703704 


43136 


271 


-.. 73441 


...19 902 511 


^003690037 


43297 


272 


73984 


20123648 


•003676471 


43457 


273 


74529 


20346417 


•003663004 


43616 


274 


... 75076 


...20570824 


-003649635 


.......43775 


275 


7 56 25 


20796875 


•603636364 


43933 


276 


76176 


21 024576 


•003623188 


44091 


277 


... 7 67 29 


...21253933 


•OO361OI08 


44248 


278 


77284 


21484952 


'OO3597122 


44404 


279 


77841 


21 717 639 


•003584229 


44560 


280 


7 8400 


21 952 000 


•003571429 


44716 
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No. 


Square. 


Cube. 


Reciprocal. 


CLog. 


281 


78961 


22 188 041 


•003558719 


44871 


282 


79524 


22 425 768 


•003546099 


45025 


283 


• •• 80089 


...22665 187 


-003533569 


45179 


284 


8 06 56 


22 906 304 


•003521 127 


45332 


285 


81225 


23 149 125 


•003508772 


45484 


286 


... 81796 


— 23393656 


^003496503 


45637 


287 


82369 


23 639 903 


•003484321 


45788 


288 


82944 


23887872 


•003472222 


45939 


289 


... 83521 


...24137569 


'003460208 


46090 


290 


84100 


24 389 000 


•003448276 


46240 


291 


84681 


24642 171 


•003436426 


46389 


292 


... 85264 


,..24897088 


^003424658 


46538 


293 


85849 


25153757 


•003412969 


46687 


294 


86436 


25412 184 


•OO34OI361 


46835 


295 


... 87025 


...25672375 


^00338983 1 


46982 


296 


87616 


25 934 336 


•003378378 


47129 


297 


88209 


26198073 


•003367003 


47276 


298 


... 88804 


...26463592 


'003355705 


47422 


299 


89401 


26 730 899 


•003344482 


47567 


300 


90000 


27 000 000 


•003333333 


47712 


301 


... 90601 


...27 270901 


003322259 


47857 


302 


91204 


27 543 608 


^003311258 


48001 


303 


91809 


27 818 127 


•003300330 


48144 


304 


... 92416 


...28094464 


^003289474 


48287 


305 


93025 


28372625 


•003278689 


48430 


306 


93636 


28652616 


. -003267974 


48572 


307 


... 94249 


...28934443 


^003257329 


48714 


308 


94864 


29218 112 


•003246753 


48855 


309 


95481 


29503629 


- '003236246 


48996 


310 


... 96100 


...29791000 


-003225806 


49136 


3" 


96721 


30080231 


•003215434 


49276 


312 


9 73 44 


30371328 


•003205128 


49415 


313 


... 97969 


...30664297 


-003194888 


.•.—49554 


314 


98596 


30959144 


•003 1 847 1 3 


49693 


315 


99225 


31255875 


•003174603 


49831 


316 


... 99856 


.•.31554496 


003164557 


49969 


3^7 


100489 


31 855 013 


•003154574 


50106 


318 


10 II 24 


32157432 


•003144654 


50243 


319 


... 10 17 61 


..,32461759 


• -003134796 


50379 


320 


10 24 00 


32 768 000 


•003125000 


50515 


321 


10 30 41 


33 076 161 


•0031 15265 


50651 


322 


... 103684 


...3338^248 


-003105590 


50786 


333 


10 43 29 


33 698 267 


•003095975 


50920 


324 


104976 


34012 224 


•003086420 


51055 


325 


105625 


34328125 


•003076923 


51188 



16 



No. 


Square. 


Cube. 


Reciprocal 


CLog. 


326 


106276 


34645976 


•003067485 


51322 


327 


10 6g 29 


34965783 


•003058104 


51455 


328 


... 107584 


— 35287552 


'003048780 


S1587 


329 


1082 41 


35 611 289 


•003039514 


51720 


330 


10 89 00 


35 937 000 


•003030303 


51851 


331 


... 10 95 61 


...36264691 


-003021148 


51983 


332 


II 02 24 


36 594 368 


•003012048 


52114 


333 


II 08 89 


36 926 037 


•003003003 


. 52244 


334 


... II 1556 


•.•37259704 


'002994012 


52375 


335 


II 22 25 


37 595 375 


•002985075 


52504 


336 


II 2896 


37 933 056 


•002976190 


52634 


337 


... II 35 69 


...38272753 


-002967359 


52763 


338 


II 42 44 


38614472 


•002958580 


52892 


339 


II 49 21 


38958219 


•002949853 


53020 


340 


... II 5600 


...39304000 


'002941176 


53148 


341 


II 62 81 


39651 821 


•002932551 


53275 


342 


II 6964 


40 001 688 


•002923977 


53403 


343 


... II 7649 


...40353607 


-002915452 


53529 


344 


II 83 36 


40 707 584 


•002906977 


53656 


345 


II 90 25 


41 063 625 


•002898551 


53782 


346 


... II 97 16 


...41 421 736 


-002890173 


53908 


347 


120409 


41 781 923 


•002881844 


54033 


348 


12 II 04 


42 144 192 


•002873563 


54158 


349 


... 12 1801 


...42508549 


'002865330 


54283 


350 


12 2500 


42 875 000 


•002857143 


54407 


351 


12 32 01 


43243551 


•002849003 


54531 


352 


... 123904 


...43614208 


^002840909 


54654 


353 


12 4609 


43 986 977 


•002832861 


54777 


354 


12 53 16 


44 361 864 


•002824859 


54900 


355 


... 126025 


...44738875 


'002816901 


55023 


i 356 


12 67 36 


45 118 016 


•002808989 


55145 


i 357 


127449 


45 499 293 


•002801 1 20 


55267 


358 


... 12 81 64 


...45882712 


'002793296 


55388 


1 359 


12 88 81 


46268 279 


•002785515 


55509 


360 


12 9600 


46 656 000 


•002777778 


55630 


361 


... I3032I 


...47045881 


^002770083 


55751 


362 


13 10 44 


47 437 928 


•002762431 


55871 


3<53 


13 17 69 


47 832 147 


•002754821 


55991 


364 


... 132496 


...48228544 


'002747253 


56110 


365 


133225 


48627 125 


•002739726 


56229 


366 


133956 


49027 896 


.002732240 


56348 


' 367 


... 134689 


...49430863 


'OO2724796 


56467 


: 368 


135424 


49 836 032 


'OO27 17391 


56585 


I 369 


13 61 61 


50 243 409 


•002710027 


56703 


370 


136900 


50 653 000 


•002702703 


56820 



17 



No. 


Square. 


Cube. 


Reciprocal. 


C. Log. 


371 


13 76 41 


51 064 811 


'OO2695418 


56937 


372 


138384 


51 478 848 


•002688172 


57054 


373 


... 13 91 29 


...51 895 117 


'002680965 


57171 


374 


13 98 76 


52313624 


•002673797 


57287 


375 


140625 


52 734 375 


•002666667 


57403 


37<5 


... 14 13 76 


...53 157 376 


-002659574 


57519 


377 


14 21 29 


53 582 633 


•002652520 


57634 


378 


14 28 84 


54010152 


•002645503 


57749 


379 


... 14 36 41 


...54439939 


-002638522 


57864 


380 


14 44 00 


54 872 000 


•002631579 


57978 


381 


1451^1 


55 306 341 


•002624672 


58092 


382 


... 14 59 24 


...55742968 


•OO261780I 


58206 


383 


14 66 89 


56 181 887 


•002610966 


58320 


384 


147456 


56 623 104 


•002604167 


58433 


385 


... 148225 


...57066625 


'002597403 


58546 


386 


148996 


57512456 


•002590674 


58659 


387 


14 97 69 


57 960 603 


•002583979 


58771 


388 


... 150544 


..,58411072 


-002577320 


58883 


389 


15 13 21 


58 863 869 


•002570694 


58995 


390 


15 21 00 


59319000 


•002564103 


59106 


391 


... 15 28 81 


-59776471 


'002557545 


59218 


392 


15 36 64 


60 236 288 


•002551020 


59329 


393 


15 44 49 


60 698 457 


•002544529 


59439 


394 


— 155236 


...61 162 984 


•002538071 


59550 


395 


15 60 25 


61629875 


•002531646 


59660 


39<5 


15 68 16 


62 099 136 


•002525253 


59770 


397 


... 157609 


...62570773 


•002518892 


59879 


398 


15 84 04 


63 044 792 


•002512563 


59988 


399 


15 92 01 


63521 199: 


•002506266 


60097 


400 


... 160000 


...64000000 


-002500000 


60206 


401 


16 08 01 


64 481 201 


•002493766 


60314 


402 


16 1604 


64 964 808 


•002487562 


60423 


403 


... 162409 


...65450827 


'002481390 


60531 


404 


1632 16 


65 939 264 


•002475248 


60638 


405 


16 40 25 


66430125 


•002469136 


60746 


406 


... 164836 


...66923416 


^002463054 


60853 


407 


16 56 49 


67419143 


-002457002 


60959 


408 


16 64 64 


67 917 312 


•002450980 


61066 


409 


... 167281 


...68417 929 


-002444988 


61172 


410 


16 81 00 


68921 000 


-002439024 


61278 


411 


16 89 21 


69426531 


•002433090 


61384 


412 


... 16 97 44 


...69934528 


-002427184 


61490 


413 


17 05 69 


70444997 


•002421308 


61595 


414 


17 13 96 


70 957 944 


•002415459 


61700 


415 


17 22 25 


71473375 


•002409639 


61805 



18 



Nou 


Square. 


Cube 


Reciprocal. 


C Loff. 


416 


17 30 56 


71 991 296 


•002403846 


61909 


417 


17 38 89 


72 511 713 


•002398082 


62014 


41a 


•.. 17 47 24 


—73034632 


'002392344 


62I18 


419 


17 55 <5i 


73 560 059 


•002386635 


62221 


420 


17 6400 


74 088 000 


•002380952 


62325 


42^r 


... 17 72 41 


...74 618 461 


'002375297 


......62428 


423 


17 80 84 


75 151 448 


•002369668 


62531 


423 


17 89 29 


75 686 967 


•002364066 


62634 


424 


... 17 97 1^ 


...76225024 


-002358491 


......62737 


425 


18 06 25 


76765625 


•002352941 


. 62839 


426 


18 14 76 


77 308 776 


•002347418 


62941 


427 


... 18 23 29 


...77854483 


'002341920 


......63043 


42a 


18 31 84 


78 402 752 


•002336449 


63144 


429 


18 40 41 


78 953 589 


•002331002 


63246 


430 


... 184900 


-.79 507 000 


-002325581 


63347 


431 


18 57 61 


80062 991 


•002320186 


63448 


432 


18 66 24 


80621568 


•002314815 


63548 


433 


...187489 


...81 182 737 


^002309469 


63649 


434 


18 83 56 


81746504 


•002304147 


63749 


435 


18 92 25 


82312875 


•002298851 


63849 


43^ 


... 190096 


...82881856 


'002293578 


63949 


437 


190969 


83 453 453 


•002288330 


64048 


438 


19 1844 


84027 672 


•002283105, 


64147 


439 


... 19 27 21 


...84604519 


'002277904 


64246 


440 


19 36 00 


85 184000 


•002272727 


64345 


441 


19 44 81 


85766 121 


'OO2267574 


64444 


442 


... 1953^4 


...86350888 


'OO2262443 


64542 


443 


196249 


86 938 307 


•002257336 


64640 


444 


19 71 36 


87 528 384 


•002252252 


64738 


445 


... 198025 


...88 121 125 


'OO224719I 


64836 


446 


19 89 16 


88716536 


•002242152 


64933 


447 


19 98 09 


89314623 


•002237136 


65031 


448 


••• 20 07 04 


...89915392 


'OO2232I43 


.....^.65128 


449 


20 16 01 


90518849 


•002227 17 1 


65226 


450 


20 25 00 


91 125000 


•002222222 


65321 


461 


... 20 34 01 


—91 733 851 


^002217295 


65418 


463 


20 43 04 


92 345 408 


•002212389 


65514 


453 


20 52 09 


92 959 <577 


•002207506 


65610 


454 


... 2061 16 


—93576664 


'002 202643 


65706 


455 


20 70 25 


94196375 


•002197802 


65801 


45^ 


207936 


94 818 816 


•002192982 


65896 


467 


... 208849 


••95 443 993 


•OO2188184 


65992 


468 


20 97 64 


96071 912 


•002183406 


66087 


469 


21 06 81 


96 702 579 


'002178649 


66 181 


460 


21 1600 


97 336 000 


•OO2173913 


66276 



1^ 



Na 


Square. 


Cube. 


RedprocaL 


C Log; 


461 


21 a^'.si 


97 972 181 


•002I69I97- 


66370 


462 


213444 


98 61 1 128 


'002I6450S* 


664^4 


463 


... 214369 


.^ 99252847 


.;.... •002159827 


; 66558 


464 


21 5296 


99 897 344 


•OO2155172 


66652 


465 


21 62 25 


100 544 625 


•00215053a 


66745 


466 


... 21715/^ 


...10 1 194696 


>.,... •002X45923^ 


66839 


4^7 


21 80 89 


loi 847 563 


•002X4x32® 


66932 


468 


219024 


102 503 232 


•002136752 


67025 


469 


... 21 99 61 


....103 161 709 


1 •002X32196 


; 67x17 


470 


220900 


103 823 000 


•002127660 


672:X» 


471 


22 18 41 


104487111* 


•00212314a 


67302 


472 


... 22 27 84 


...105 154048 


.......002X18644 


^7394 


473 


22 37 29 


105 823817 


•002X14165 


674^86 


474 


22 46 76 


106496424^ 


•002x09705. 


67578 


476 


... 22 56 25 


...107 171 875; 


•002105263 


6766^ 


476 


22 65^76 


107 850 176 


•002x00840 


67761 


477 


22 75 29 


108 531 333 


•002096436 


67^52 


478 


...228484 


...109 215 352 


•002092050 


^7946 


479 


229441 


109 902 239 


•002087683 


68034 


480 


230400 


1 10 592 000 


•002083333 


68124 


481 


... 231^61 


..,,111 284641 


^00207 9002 


6821.5 


482 


23 23 24 


III 98016ft 


•002074689 


68305 


483 


23 32 89 


112 678 587 


•002070393 


68395 


484 


... 234256 


•..113 379 904 


....,..•002066116 


68485 


485 


23 52 25 


LI 4 084 125. 


•002061856. 


68574 


486 


2361 96 


114 791 256 


•0020576x3. 


68664 


487 


... 237169 


• ..115 501 303 


.......002053388 


68753 


488 


23 81 44 


116 214 272 


•002049180 


68842 


4fi9 


23 91 21 


ri6 930 1^9 


•002044990 


68931 


490 


... 240100 


...117 649 000 


..,...•002040816 


69020 


491 


24 10 81 


1-18370771 


•002036660 


69x08 


492 


242064 


119 095 488 


•002032520 


69x97 


493 


... 243049 


...119 823 157 


-002028398 


69285 


494 


24 40 36 


MO 553 784 


•oo202429r 


69373 


495 


24 go 25 


121 287 375 


•002020202 


69461 


496 


... 246016 


...122023936 


..,...•002016129 


69548- 


497 


247009 


122 763 473 


•002012072 


69636 


498 


24 80 04 


123 505 992 


•002008032 


69723 


499 


... 249001 


...124 251 499 


.•002004008' 


69810 


Soo 


25 00 00 


125 000 000 


•002000000 


69897 


501 


25 1001 


125751501 


•00x996008 


699^4 


502 


... 252004 


..•126506008 


,.....•001992032 


i 70070 


503 


253009 


127263527 


•00x988072 


70157 


504 


254016 


128024064 


•00x984127 


70243 


£aS 


25 ^25 


128 787? 625. 


•00x980198 


i 70329 



20 



No. 


Square. 


Cube. 


Reciprocal 


CLog. 


506 


25 60 36 


129 554 216 


•001976285 


70415 


507 


25 70 49 


130 323 843 


•001972387 


70501 


508 


... 25 80 64 


...131 096 512 


•001968504 


70586 


509 


25 90 81 


131 872 229 


•001964637 


70672 


6io 


2601 00 


132 651 000 


•001960784 


70757 


5" 


... 26 II 21 


...133 432 831 


-001956947 


70842 


512 


26 21 44 


134 217 728 


•OOI953125 


70927 


513 


2631 6g 


135005697 


•OOI949318 


71OI2 


514 


... 26 4I9<5 


...135796744 


-001945525 


71096 


515 


265225 


136590875 


•OOI941748 


71181 


516 


26 62 56 


137388096 


•001937984 


71265 


5i7 


... 267289 


...138 188 413 


-001934236 


71349 


518 


26 83 24 


138 991 832 


•001930502 


71433 


519 


269361 


I3979B359 


•001926782 


71517 


520 


... 270400 


...140608000 


^001923077 


71600 


521 


27 14 41 


141 420761 


•OOI9I9386 


71684 


522 


272484 


142236648 


•0019x5709 


71767 


523 


... 27 35 29 


...143055667 


'001912046 


71850 


524 


27 45 76 


143877824 


•001908397 


71933 


525 


27 56 25 


144 703 125 


•001904762 


72016 


526 


... 276676 


...145 531 576 


'001901141 


72099 


527 


27 77 29 


146 363 183 


•001897533 


72181 


528 


27 87 84 


147 197 952 


•001893939 


72263 


529 


... 279841 


...148035889 


•001890359 


72346 


530 


28 09 00 


148 877 000 


•001886792 


72428 


531 


28 19 61 


149 721 291 


•001883239 


72509 


532 


... 283024 


...150568768 


^00187 9699 


72591 


533 


28 40 89 


1514^9437 


•OOI8761J3 


72673 


534 


28515^5 


152273304 


•001872659 


72754 


535 


... 286225 


...153130375 


-001869159 


72835 


536 


287296 


153 990 656 


•001865672 


72916 


537 


28 83 69 


154 854 153 


•OO1862197 


72997 


538 


... 289444 


...155720872 


-001858736 


73078 


539 


29 05 21 


156 590 819 


•001855288 


73159 


540 


29 1600 


157 464 000 


•601851852 


73239 


541 


... 292681 


...158 340 421 


-001848429 


73320 


542 


29 37 ^4 


159220088 


•00 1 8450 1 8 


73400 


543 


29 48 49 


160 103 007 


•001841621 


73480 


544 


... 295936 


...160989 184 


^001838235 


73560 


545 


297025 


161 878 625 


•001834862 


73640 


546 


2981 16 


162 771 336 


•00 1 83 1 502 


73719 


547 


... 299209 


...163667323 


•001828154 


73799 


548 


30 03 04 


164566592 


•001824818 


73878 


549 


30 14 01 


165 469 149 


•001821494 


73957 


550 


30 25 00 


166375000 


•001818182 


74036 



21 



Na 


Square. 


Cube. 


Reciprocal. 


C hog. 


551 


30 36 01 


167 284 151 


•001814882 


74II5 


552 


30 47 04 


168 196 608 


•OO1811594 


74194 


553 


... 305809 


...169 112 377 


-001808318 


74273 


554 


3069 16 


170 031 464 


•001805054 


74351 


555 


30 80 25 


170953875 


•00 1 80 1 802 


74429 


556 


... 309136 


...171 879616 


^001798561 


74507 


557 


31 02 49 


172808693 


•001795332 


74586 


558 


31 1364 


173 741 112 


•OOI792II5 


74663 


559 


... 31 24 81 


...174676879 


-001788909 


74741 


560 


31 36 00 


175 616 000 


-OOI785714 


74819 


561 


314721 


176 558 481 


•001782531 


74896 


563 


... 315844 


...177504328 


'001779359 


74974 


563 


316969 


178 453 547 


-001776199 


75051 


564 


31 80 96 


179406 144 


•001773050 


75128 


565 


... 319225 


...180362 125 


-001769912 


75205 


566 


32 03 56 


i8i 321 496 


-001766784 


75282 


567 


321489 


182 284 263 


•001763668 


75358 


568 


... 32 2624 


...183250432 


'001760563 


75435 


569 


32 37 61 


184220009 


•001757469 


755" 


570 


32 49 00 


185 193000 


•001754386 


75587 


571 


... 326041 


...186 169411 


-001751313 


75664 


573 


327184 


187 149 248 


•001748252 


75740 


573 


32 83 29 


188 132 517 


•001745201 


75815 


574 


... 329476 


...189 119 224 


.......001742160 


7589^ 


575 


33 o<5 25 


190 109 375 


•001739130 


75967 


576 


33 17 1^ 


191 102976 


•001736111 


76042 


577 


... 332929 


...192 100033 


^001733102 


76118 


578 


33 40 84 


193 100552 


•001730104 


76193 


579 


33 52 41 


194 104 539 


•001727116 


76268 


580 


... 336400 


...195 112 000 


......'001724138 


76343 


581 


337561 


196 122 941 


•001721170 


76418 


582 


33 87 24 


197 137 368 


•001718213 


76492 


583 


... 339889 


...198 155 287 


-001715266 


76567 


584 


34^056 


199 176704 


•001712329 


76641 


585 


342225 


200 201 625 


•001709402 


76716 


586 


... 34 33 9<5 


...201 230056 


^001706485 


76790 


587 


34 45 69 


202 262 003 


•001703578 


76864 


588 


34 57 44 


203297472 


•001700680 


76938 


589 


... 346921 


...204336469 


^001697793 


77012 


590 


34 81 00 


205 379 000 


•001694915 


77085 


591 


349281 


206425071 


•001692047 


77159 


59a 


... 350464 


...207 474688 


-001689189 


77232 


593 


351649 


208 527 857 


•001686341 


77305 


594 


35 28 36 


209 584 584 


•001683502 


77379 


595 


35 40 25 


210644875 


•001680672 


77452 



22 



No. 


Square. 


Cube. 


Reciprocal 


C. Log. 


596 


35 52 ^6 


211 708 736 


•001677852 


77525 


597 


35 64 09 


212776 173 


•001675042 


77597 


698 


.-. 357604 


...213847 192 


'OO167224I 


77670 


B99 


358801 


214 921 799 


•001669449 


77743 


600 


36 00 00 


216 000 000 


•001666667 


77815 


601 


... 36 12 01 


...217 081 801 


•001663894 


77887 


602 


36 24 04 


218 167 208 


•001661130 


77960 


603 


36 36 09 


219256227 


•001658375 


78032 


604 


... 3648x6 


...220348864 


•001655629 


78104 


605 


36 60 25 


221 445 125 


•001652893 


78176 


606 


367236 


222 545 016 


•001650165 


78247 


607 


... 368449 


...223648543 


•001647446 


78319 


608 


36 96 64 


224755712^ 


•001644737 


78390 


609 


37 08 81 


225 866 529 


•001642036 


78462 


6x0 


... 37 21 ©0 


...226981 000 


'001639344 


78533 


611 


37 33 « J 


228099 131 


•001636661 


78604 


612 


37 45 44 


229 220 928 


•001633987 


78675 


613 


— 37 57 69 


..J230346397 


-001631321 


78746 


614 


37 69 96 


231 475 544 


•QOI628664 


78817 


6jS 


37 82 25 


^32 608 375 


•^oi 62601 6 


78888 


616 


- 379456 


—233744896 


-001623377 


78958 


617 


38 06 89 


234885 113 


•001620746 


79029 


618 


381924 


236029032 


•001618123 


79099 


619 


... 38 31 61 


...237176659 


^001615509 


79169 


620 


38 44 00 


238 328 000 


•001612903 


79^39 


621 


38 56 41 


239 483 061 . 


•001610306 


79309 


622 . 


... 386884 


...240641 846 


•001607717 


79379 


6ar3 


38 81 29 


241 804 367 


•001605136 


79449 


6a4 


38 93 76 


242 970 624 


•001602564 


79518 


625 


... 390625 


...244140625 


•001600000 


79588 


6ii6 


391876 


245314376 


•001597444 1 


19^51 


627 


393129 


246 491 883 


•001594896 


79727 


628 


... 394384 


...247673152 


-001592357 


79796 


da9 


395641 


248 858 189 


•001589825 


79865 


630 


39 ^9 00 


250 047 000 


•001587302 


79934 


631 


... 398161 


...^51239591 


-001584786 


80003 


. 632 


39 94 24 


252 435 968 


•001582278 


80072 


633 


40 06 89 


253 ^36 137 


•001579779 


80140 


634 


... 401956 


...254840104 


^001577287 


80209 


63s 


40 32 25 


256 047 875 


•001574803 


80277 


636 


404496 


257259456 


•001572327 


80346 


637 


... 405769 


...258474853 


-001569859 


80414 


638 


40 70 44 


259694072 


•001567398 


80482 


639 


408321 


260917 119 


•001564945 


80550 


640 


40 96 00. 


26^ 144000! 


x)oi5625oo 


80618 



a 



Na 


Square. 


641 


41 06 81 


642 


41 21 64 


643 


... 41 34 49 


644 


41 41 36 


645 


41 60 25 


646 


-. 41 73 1^ 


647 


41 8609 


646 


419904 


649 


^. 42 12 01 


650 


42 ?5 00 


651 


42 38 01 


652 


... 42 51 04 


653 


42 64 09 


654 


42 77 16 


^55 


... 42 90 25 


656 


43 03 3^ 


657 


43^^49 


658 


... 432964 


659 


43 42 81 


660 


435600 


661 


... 436921 


662 


43 82 44 


663 


43 95 69 


664 


... 440896 


665 


44 22 25 


666 


44 35 66 


667 


•.. 44 48 89 


668 


44 62 24 


669 


447561 


670 


...448900 


671 


45 02 41 


672 


451584 


^73 


... 452929 


674 


45 42 76 


675 


45 5^ 25 


676 


...456976 


677 


45 83 29 


678 


45 96 84 


679 


... 46 10 41 


680 


46 24 00 


681 


46 37 61 


682 


... 465124 


683 


46 64 89 


684 


46 78 56 


<»S 


46 92 25 



Cube. 

«^3 374 72i 

264 609 288 

...265 847 707 

267 089 ^4 

268 336 125 
.,.269 586 136 

270 840 023 
272 097 792 

-.273359449 

274 625 000 

275 894 451 

...277 167 808 

278 445 077 

279 726 264 

...281 on 375 
282300416 

283 593 393 
...284890312 

286 191 179 

287 496 000 
...288804781 

290 117 528 

291 434 247 
...292754944 

294079625 
295 408 296 

...296740963 
298077632 
299418309 

...300763000 

302 III 711 

303 464 448 
...304821 217 

306 182024 

307 546 87s 
-.308915776 

310288733 
3" 665 752 

...313046839 
314432000 
315 821 241 

...317 214568 
318 611 987 
320013504 
321 419 125 



ReciproicaL 
•001560062 

•001557632 
....•001555210 

•001552795 

•001550388 

....•001547988 

•001545595 
•00 1 5432 10 

....•001540832 
•001538462 
•001536098 

....•001533742 
•OOI531394 
•001529052 

....•OOI526718 
•001524390 
•001522070 

....•OOI519757 
•OOI51745I 
•OOI515152 

.... '001512859 
•OOI5I0574 
•001508296 

....•001506024 
•001503759 
•OOI50I502 

....•001499250 
•001497006 
•001494768 

....•001492537 

•OOI490313 
•001488095 

....•001485884 
•001483680 
•OOI481481 

,...•001479290 
•001477105 
•0014744^26 

....•001472754 
•001470588 
•001468429 

....•001466276 
•OOI464I29 
•00 1 46 1 988 
•001459654 



8o68# 

80754 

.....80821 

80889 

80956 

,....81023 

81090 

81158 

,....81224 

8129^ 

81358 
,....81425 

8149Z 

81558 
....81624 

81690 

81757 
....81823 

81889 

81954 
,....82020 

82086 

82151 

,....822r7 
82282 
82347 

....82413 

82478 

82543 
....82607 

82672 

82737 
....82802 

82866 

82930 

....82995 
83059 
83123 

83187 

83251 
83315 

83378 

83442 
83506 

835^9 



24 



No. 


Square. 


Cube. 


ReciprocaL 


C. Log. 


686 


47 05 9^ 


322 828 856 


•001457726 


83632 


687 


471969 


324 242 703 


•001455604 


83696 


688 


... 47 33 44 


...325660672 


-001453488 


83759 


689 


47 47 21 


327 082 769 


•OOI451379 


83822 


690 


47 61 00 


328 509 000 


•001449275 


83885 


691 


...477481 


...329939371 


'001447178 


83948 


692 


47 88 64 


331 373 888 


•001445087 


8401 1 


693 


48 02 49 


332812557 


•00 1 44300 1 


84073 


694 


... 481636 


...334255384 


'001440922 


84136 


^95 


48 30 25 


335 702 375 


•001438849 


84198 


696 


484416 


337 153 536 


•001436782 


84261 


697 


... 485809 


...338608873 


-001434720 


84323 


698 


487204 


340 068 392 


-001432665 


84386 


699 


48 86 01 


341 532 099 


•OOI430615 


84448 


700 


... 490000 


.•.343000000 


-001428571 


84510 


701 


49 14 01 


344472101 


•001426534 


84572 


702 


492804 


345 948 408 


•00 1 42450 1 


84634 


703 


... 494209 


...347428927 


-001422475 


84696 


704 


49 56 16 


348913664 


•001420455 


84757 


705 


49 70 25 


350 402 625 


•00 1 41 8440 


84819 


706 


... 49843^ 


...351 895 816 


-OOI41643I 


84880 


707 


49 98 49 


353 393 243 


-001414427 


84942 


708 


50 12 64 


354894912 


'OOI4I2429 


85003 


709 


.., 502681 


...356400829 


-001410437 


85065 


710 


50 41 00 


357 911 000 


-001 40845 1 


85126 


711 


50552X 


359425431 


-001406470 


85187 


712 


... 506944 


...360944128 


'001404494 


85248 


713 


50 83 69 


362 467 097 


-001402525 


85309 


714 


50 97 96 


363 994 344 


-001400560 


85370 


715 


... 51 12 25 


...365525875 


-001 398601 


85431 


716 


512656 


367061 6g6 


•001396648 


85491 


717 


514089 


368 601 813 


•001394700 


85552 


718 


... 515524 


...370146232 


-001392758 


85612 


719 


51 69 61 


371694959 


•00139082 1 


85673 


720 


518400 


373 248 000 


•001388889 


85733 


721 


... 51 9841 


...374805361 


-001386963 


85794 


1722 


52 1284 


376367048 


-001385042 


85854 


' 723 


52 27 29 


377 933 067 


•00 1 383 1 26 


85914 


f 724. 


... 5241 76 


—379503424 


'001381215 


85974 


725 


52 56 25 


381 078 125 


•OOI3793IO 


86034 


726 


52707^^ 


382657176 


•OOI3774IO 


86094 


727 


... 528529 


...384240583 


001375516 


86153 


728 


52 99 84 


385 828 352 


•001373626 


86213 


729 


53 14 41 


387 420 489 


•00137 1742 


86273 


730 


53 ^9<^^ 


389017 000 


•001369863 


86332 



2S 



Na 


Square. 


Cube. 


RedprocaL 


C Log. 


731 


53 43/1 
53 5» 34 


390617891 


•001367989 


86392 


733 


392 223 168 


•00 1 366 1 20 


86451 


733 


... 537389 


...393832837 


001364256 


86510 


734 


53 87 56 


395 446 904 


•001362398 


86570 


735 


540225 


397 065 375 


•001360544 


86629 


736 


... 54 1696 


...398688256 


-001358696 


86688 


737 


543169 


400315553 


•001356852 


86747 


738 


54 46 44 


401 947 272 


•00 1 3550 1 4 


86806 


739 


... 5461 21 


...403583419 


-001353180 


86864 


740 


54 76 00 


405 224 000 


•OOI35135I 


86923 


741 


549081 


406869021 


•001349528 


86982 


742 


... 550564 


...408518488 


'001347709 


87040 


743 


55 20 49 


410 172 407 


•001345895 


87099 


744 


55 35 36 


411 830 784 


•001344086 


87157 


745 


... 555025 


...413493625 


'00X342282 


87216 


746 


556516 


415 160 936 


•001340483 


87274 


747 


55 80 09 


416832723 


•001338688 


87332 


748 


... 559504 


...418508992 


-001336898 


87390 


749 


56 10 01 


420189749 


•OOI335II3 


87448 


750 


56 25 00 


421875000 


•001333333 


87506 


751 


... 564001 


...423564751 


•OOI331558 


87564 


753 


5^ 55 04 


425259008 


•001329787 


87622 


753 


567009 


426 957 777 


•00132802 1 


87679 


754 


... 568516 


...428661064 


^001326260 


87737 


755 


57 00 25 


430 368 875 


•001324503 


87795 


756 


57 15 36 


432081 216 


•001322751 


87852 


757 


... 573049 


...433798093 


-001321004 


87910 


758 


57 45 64 


435 519 512 


•OOI3I926I 


87967 


759 


576081 


437 245 479 


•001317523 


88024 


760 


... 577600 


...438976000 


•OOI315789 


88081 


761 


57 91 21 


440 711 081 


•001314060 


88138 


762 


58 06 44 


442450728 


•001312336 


88195 


763 


... 5821 69 


...444194947 


^001310616 


88252 


764 


58 36 96 


445 943 744 


•001308901 


88309 


765 


58 52 25 


447 697 125 


•001307190 


88366 


766 


... 586756 


...449455096 


^001305483 


88423 


767 


58 82 89 


451 217 663 


•001303781 


88480 


768 


58 98 24 


452 984 832 


•001302083 


88536 


769 


... 59 13 61 


...454756609 


-001300390 


88593 


770 


59 ^9 00 


456 533 000 


•001 298701 


88649 


771 


594441 


458 314 on 


•001297017 


88705 


772 


... 595984 


...460099648 


•001295337 


88762 


773 


597529 


461 889 917 


•001293661 


88818 


774 


599076 


463 684 824 


•001291990 


88874 


775 


60 06 25 


465 484 375 


•001290323 


88930 



26 



No. 


Square. 


Cube. 


ReciprocaL 


C. Log. 


776 


6021 76 


467 288 576 


•001288660 


88986 


in 


603729 


469097433 


TOOI 287001 


89042 


778 


...605284; 


,..470910952 


-001285347 


89098 


779 


606841 


472729139 


•00 T 283697 


89154 


780 


60 84 00 


474 552 000 


•001 28205 1 


89209 


781 


.,. 609961 


.-^76379541 


'0012804 10 


89265 


782 


61 1524 


478 211 768 


•001278772 


89321 


783 


613089 


480 048 687 


•001 277 139 


89376 


784 


... 614656 


...481890304 


-001275510 


89432 


785 


61 62 25 


483 736 625 


•001273885 


89487 


786 


61 77 96 


485 587 H^ 


-001272265 


89542 


787 


... 619369 


.-.487443403- 


-001270648 


89597 


788 


62 09 44 


489303872 


•001269036 


89653 


789 


622521 


491 169 069 


•001267427 


89708 


790 


... 624100 


...493 039 000 


•001265823 


89763 


791 


625681 


494 913 671 


-001264223 


89818 


792 


627264 


496 793 088 


•001262626 


89873 


793 


...628849 


...498 677 257 


'001261034 


89927 


794 


630436 


500 566 184 


-001259446 


89982 


795 


632025 


502 459 875 


•001257862 


90037 


796 


... 633616 


...504 358 336 


-OOI256281 


90091 


797 


63 52 09 


506 261 573 


•001254705 


90146 


798 


63 68 04 


508 169592 


•OOI253133 


90200 


799 


... 638401 


...510082399 


TOOI25I564 


90255 


800 


64 00 00 


512000000 


•001250000 


90309 


801 


64 16 01 


513922401 


•001248439 


90363 


802 


... 643204 


...515849608 


'001246883 


90417 


803 


644809 


517 781 627 


•001245330 


90472 


804 


646416 


519 718 464. 


•001243781 


90526 


805 


... 648025 


.-..521 660 125 


.......001242236 


.^....90580 


806 


64 9^ 36 


523606616 


'oo 1 2 40695 


90634 


807 


65 1249 


525 557 943 


•001239157 


90687 


808 


... 65 28 64 


•••527 514 112 


'001237624 


90741 


809 


65 44 81 


529475129 


•001236094 


90795 


810 


65 61 00 


531 441 000 


•001234568 


90849 


811 


... 657721 


—533 411 731 


•001233046 


90902 


812 


^6 93 44 


535 387 328 


•001231527 


90956 


813 


66 09 69 


537 367 797 


•001230012 


91009 


814 


... 662596 


—539353144 


'001228501 


91062 


815 


66 42 25 


541343375 


•001226994 


9II16 


816 


66 58 56 


543 338 496 


'OO 1 225490 


9II69 


8x7 


... 66 74 89 


—545 338 513 


'ooi 223990 


91222 


818 


66 91 24 


547 343 432 


•001222494 


91275 


819 


67 07 '61 


549353259 


•OOI22IOOI 


91328 


820 


67 24 00 


551 368 000 


^0^219512 


91 381 



27 



No. 
821 

822 

823 

824 

825 

826 

827 

828 

829 

830 

831 
832 

833 

834 

835 
836 

837 
838 

839 
840 

841 
842 

843 
844 

845 
846 

847 

848 

849 
850 

851 
852 

853 

854 

855 
856 

857 
858 

859 
860 

861 

862 

863 

864 

865 



• • • 



• •• 



• • « 



• • • 



• • • 



Square. 

6'j 56 84 
67 73 29 

67 89 76 

68 06 25 
682276 
68 39 29, 

68 55 84. 
687241 

68 89 00 

69 05 61 

69 22 24. 

69 38 89 

69 55 5<5 

697225 
69 88 96 

00569 

02244 

03921 

05600 

07281: 

08964 

10649 

12336 

14025 

157^6 

17409 

1 91 04 

20801 

22500 

24201 

25904 
27609 

29316 

3I0 25J 

32736 

3 4449 
36164 

37881 

39600 

4 13 21 

43044. 

4 47 691 
46496; 
482^5! 



Cube. 

553 387 661 
555412248 

..•557441767 
559476224 

561515625 

—563559976 
565 609 283 

567 663 552 

••-569722789 

571 787000 

573856191 

•••575930368 
578 009 537 
580 093 704 

...582182875 
584 277 056 
586 376 253 

...588480472 
590589719 
592 704 000 

...594823321 
596 947 688 
599 077 107 

...601 211 584 
^03351 125 

605495736 

...607645423 
609 800 192 
611 960049 

..•614 125000 
616 295 051 
618 470 208 

...620650477 
622 835 864 
625 026 375 

...627 222016 
629422 793 
631 628712 

"^633839779 
636 056 000 
638 277 381 

.^.640503928 
642 735 647 

644972544 
1647 214625 



Reciprocal 


CLog. 


•001 2 1 8027 


9M34 


•OOI216545 


91487 


• ..•.•0012 1 5067 


91540 


•001 2 1 3592 


91593 


*OOI2I2I2I 


91645 


'0012 10654 


91698 


'OOI2O9I9O 


91751: 


•001207729 


91803 


......001206273 


91855 


•001204819 


91908 


•001203369 


91960 


•OOI2OI923 


92012 


•001200480 


92065 


•001 1 9904 1 


92117 


....,•001197605 


92169 


•OOII96172 


92221 


•001 194743 


92273 


-001193317 


92324 


•OOII91895 


92376 


•00 1 1 9047 6 


92428 


•001189061 


92480 


•001 187648 


9253^ 


•001 186240 


92583 


•001184834 


.p. ...92634 


•001 183432 


92686 


•001 182033 


92737 


•001180638 


92788 


•001 179245 


92840 


•001 177856 


92891 


•001176471 


92942 


•001175088 


92993 


•GOT 173709 


93044 


'001172333 


93095 


•00 1 1 70960 


93M6 


•001 1 6959 1 


93197 


•ooi 168224 


93247 


•001 1 6686 1 


93298 


•001 1 65501 


93349 


'001164144 . 


93399 


•001162791 


93450 


•001161440 


93500 


•001 160093 


93551 


•001 158749 


93601 


•001 157407 


93651 


"001156069 


93702 



28 



No. 


Square. 


Cube. 


Reciprocal 


C. Log. 


866 


749956 


649461 896 


•ooi 154734 


93752 


867 


751689 


651 714 363 


•OOII53403 


93802 


868 


... 753424 


...653972032 


-00x152074 


93852 


869 


75 51 61 


656 234 909 


•00 II 507 48 


93902 


870 


75 69 00 


658 503 000 


•OOI 149425 


93952 


871 


...758641 


...660 776 311 


'001148106 


94002 


872 


760384 


663 054 848 


•OOI 146789 


94052 


873 


76 21 29 


665338617 


•OOI 145475 


94IOI 


874 


... 763876 


...667627624 


-001144165 


94I5I 


875 


76 56 25 


669921 875 


'OOI 142857 


94201 


876 


767376 


672 221 376 


•OOII4I553 


94250 


877 


... 769129 


...674526133 


^001140251 


94300 


878 


77 08 84 


676836152 


•OOI 138952 


94349 


879 


772641 


679151439 


•OOI 137656 


94399 


880 


... 774400 


...681.472000 


'001136364 


94448 


881 


7761 61 


683797841 


•OOI 135074 


94498 


882 


777924 


686128968 


•OOI 133787 


94547 


883 


...779689 


...688465387 


001132503 


94596 


884 


78145^5 


690 807 104 


•OOII3I222 


94645 


885 


783225 


693 154 125 


•OOI 129944 


94694 


886 


... 784996 


...695506456 


•OOII28668 


94743 


887 


786769 


697 864 103 


•OOI 1 27396 


94792 


888 


78 85 44 


700 227 072 


•OOI 1 26 1 26 


94841 


889 


... 790321 


...702595369 


^001124859 


94890 


890 


792100 


704 969 000 


•OOI 1 23596 


94939 


891 


793881 


707347971 


•OOI 122334 


^4988 


892 


... 795664 


...709732 288 


•OOII2I076 


95036 


893 


79 74 49 


712 121 957 


•OOI 1 1 982 1 


95085 


894 


799236 


714 516 984 


•001 1 18568 


95134 


895 


... 801025 


...716917375 


-001117318 


95182 


896 


80 28 16 


719323136 


•OOI 1 1607 1 


95231 


897 


80 46 09 


721734273 


•OOI 1 14827 


95279 


898 


... 806404 


...724 150792 


•OOIII3586 


95328 


899 


80 82 01 


726572699 


•OOI 112347 


95376 


900 


81 0000 


729000000 


•OOIIIIIII 


95424 


901 


... 81 1801 


•••73*432701 


-001109878 


95472 


902 


81 3604 


733 870 808 


•OOI 108647 


95521 


903 


815409 


736314327 


•OOI 107420 


955^9 


904 


... 8172 16 


—738763264 


•OOII06I95 


95617 


905 


81 90 25 


741217625 


•001104972 


95665 


906 


82 08 36 


743677416 


•OOI 103753 


95713 


907 


... 82 2649 


...746142643 


^001102536 


95761 


908 


824464 


748 613 312 


•OOIIOI322 


95809 


909 


826281 


751089429 


•OOIIOOIIO 


95856 


910 


82 81 00 


753 571 000 


•OOI09890I 


95904 



29 



No. 


Square. 


911 


82 99 21 


912 


83 17 44 


913 


... 833569 


914 


83 53 96 


915 


837225 


916 


... 839056 


917 


84 08 89 


918 


84 27 24 


919 


... 844561 


920 


84 64 00 


921 


848241 


922 


... 850084 


933 


851929 


924 


85 37 76 


9^5 


... 855625 


926 


857476 


927 


85 93 29 


928 


... 86 II 84 


929 


863041 


930 


86 49 00 


931 


... 866761 


932 


86 86 24 


933 


87 04 89 


934 


... 872356 


935 


87 42 25 


93<5 


87 60 96 


937 


... 87 7969 


938 


879844 


939 


88 17 21 


940 


... 883600 


941 


885481 


942 


88 73 64 


943 


••• 88 92 49 


944 


89 II 36 


945 


89 30 25 


946 


... 8949 16 


947 


89 68 09 


948 


89 87 04 


949 


... 900601 


950 


90 25 00 


951 


90 44 01 


952 


... 906304 


953 


908209 


954 


91 01 16 


955 


91 2025 



Cube. 
756058031 

758550528 
...761 048 497 

763 561 944 
766060875 

...768575296 

771 095 213 

773620632 

...776 151 559 
778688000 

781 229961 

...78.3777448 
786 330 467 

788889024 

...791453125 

794022776 

796 597 983 

...799178752 

801 765089 

804 357 000 

...806954491 

809 557 568 
812 166237 

...814780504 
817400375 
820 025 856 

...822656953 
825293672 
827 936019 

...830584000 
833 237 621 
835 896 888 

...838561807 

841 232 384 
843 908 625 

...846590536 

849278 123 

851 971 392 
...854670349 

857 375 000 
860085351 

...862801 408 

865523177 
868 250 664 

870983875 



Reciprocal. 
•001097695 

'oo 1 09649 1 

•001095290 
•001094092 
•001092896 
•OOIO91703 
•00 10905 1 3 
•001089325 
•00 1 088 1 39 
•001086957 
•001085776 
•001084599 
•001083424 
•OOI082251 
•OOIO81081 
•00107 9914 
•001078749 
•001077586 
•001076426 
•001075269 
•OOIO74II4 
•OOIO72961 
•00107 181 1 
•001070664 
•00 1 0695 1 9 
•001068376 
•001067236 
•001066098 
•001064963 
•001063830 
•001062699 
•OOI061571 
•001060445 
•001059322 
•00 1 058 20 1 
•001057082 
•001055966 
•001054852 
•OOIO5374I 
•001052632 
•OOIO51525 
•001050420 
•001049318 
•0010482 18 
•001047 1 20 



C. Log. 
95952 

95999 
..96047 

96095 

96142 

..96190 
96237 
96284 

..96332 
96379 
96426 

.•96473 
96520 

96567 
..96614 

g666i 

96708 

..96755 
96802 

96848 

..96895 
96942 

96988 

•97035 
97081 

97128 

..97174 
97220 

97267 

..97313 
97359 
97405 

.97451 

97497 

97543 
..97589 

97635 
97681 

..97727 

97772 

97818 

..97864 

97909 

97955 
98000 
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No. 

957 

958 

959 
960 

961 

962 

963 
964 

967 
968 

969 

970 

971 

972 

973 

974 

975 
976 

977 
978 

979 
980 

981 

982 

983 
984 

985 
986 

987 

988 

989 

990 

991 

993 

993 

994 

995 
996 

997 
998 

999 
1000 



Square. 

91 39 3^ 
915849 

... 9177^4 

91 96 81 

92 16 00 
-. 923521 

92 54 44 

92 73 69 

... 92 92 g6 

93 12 25 
93 31 56 

... 939089 
93 70 24 

93 89^61 
... 940900 

94 28 41 

94 47 84 

... 94 67 29 
948676 

95 o^ 25 
.*. 95 25 76 

95 45 29 

95 ^4 84 
... 958441 

g6 04 00 

g6 23 61 

... 9^4324 
g6 62 89 

96 82 56 
... 97 02 25 

97 21 96 
97 41 69 

97 61 44 

97 81 21 

98 01 00 
98 20 81. 
98 40 64 

98 6049 
... 988036 

99 00 25 
99 20 16 

... 99 4009 
99 60 04 
99 80 01 

...100 00 00 



••. 



..• 



Cube. 
873722816 

876467493 
...879 217 912 

881 974079 

884 736 000 
...887503681 

890 277 128 

893 o5<5 347 
.,.895841344 

898632 125 

901 428 696 

...904231063 
907 039 232 
909 853 209 

...912673000 
915 498 611 
918 330 048 

..,921 167 317 
924010424 
926 859 375 

...929714176 

932574833 

935 441 352 

..•938313739 
941 192 000 

944076 141 

...946 g66 168 

949 862 087 

952 763 904 

...955671625 

958 585 256 
961 504 803 

..,964430272 
967 361 669 
970 299 000 

..,973242271 
976 191 488 
979146657 

...982 107 784 
985074875 
988 047 936 

...991 026 973 
994 on 992 
997 002 999 

...1000 000 000 



Reciprocal. 


C. Log. 


•001046025 


98046 


•001044932 


98091 


.,..•001043841 


98137 


•OOTO42753 


98182 


•001041667 


98227 


,...•001040583 


98272 


•OOIO3950I 


98318 


•001038422 


98363 


....•001037344 


98408 


•001036269 


98453 


•OOIO35197 


98498 


....•OOIO34T26 


98543 


•OOTO33058 


98588 


•00 1 03 1 992 


98632 


,...•001030928 


98677 


•001029866 


98722 


•001028807 


98767 


....•001027749 


988II 


•001026694 


98856 


•00 1 025641 


98900 


....•001024590 


98945 


•00 1 023541 


98989 


•001022495 


99034 


,...•001021450 


99078 


•001020408 


99123 


•0010 1 9368 


99167 


....•00101833a 


992II 


•OOIOI7294 


99^55 


•OOIOI6260 


99300 


....•OOIOI5228 


99344 


•001014199 


99388 


•OOIOI317I 


99432 


....•OOIOI2I46 


99476 


•OOIOIII22- 


99520 


•OOIOIOIOI 


99564 


.,..•001009082 


, 99607 


•00 1 008065 > 


99651 


•001007049 


99695 


'00100603^ 


99739 


•001005025 


99782 


•00 1 0040 1 6 


99826 


•00100300^ 


99870 


•001002004 


99913 


*OOIOOIOOI 


99957 


•OOIOOOOOO 


00000 
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Tabus 1 a. — ^Appboxixatb Squabe Ain> Cube Boots and 
Ebcipbooals of Pboie Humbebs fbom 2 TO 97. 

Ntt Square Roc^ Cube Boot. BeciprocaL 

2 1*4142136 1*2599210 0*500000000 

3r 17320508 1.-4422496 '333333335 

5 2*2360680 1*7099759 •200000000' 

7 3-6457513 1*9129312 -142857145 

XI 3*3166248 2*2239801 -090909091 

13 3'6o555i3 2*3513347 -076923077 

17- 4*1231056 2-5712816 •05882352^ 

19 4*3588989 2*6684016 '052631579 

23 4*7958315 2*8438670 -043478261 

29 5*385^648 3*0723x68 •034482759 

31 6'5^77^44 3-1413806 -032258065 

37 6^0827625 3*3322218 -027027027 

41 6*4031242 3*4482172 -024390244 

43 ^'5574385 3*5033981 -023255814 

47 6*8556546 3*6088261 •021276600 

53 7*2801099 3*7563858 -018867925 

59 7*6811457 3*89399^55 -016949155 

61 7*8102497 3*9364972 *oi6393445 

67 8*1853528 4'*o6i548o •014925373 

71 8*4261498 4-1408178 -014084507 

73 8*5440037 4*1793393 -013698630 

79 8*8881944 4*2908404 '012658228 

83 9'i 104336 4*3620707 •012048193 

9sf 9*4339811 4*4647451 *oii235955 

5»: 9-6436508 4^5306549 -010752688 

5^ 9-8488578 4*5947009 -010309278 
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TABLE OP SQUARES AND FIFTH POWERS. 





Sqnaie. 


Fifth Power. 




Square. 


FlAh Power; 


ID 


I 00 


I 00000 


55 


3025 


5032 84375 


II 


I 21 


I 61051 


56 


3^36 


5507 3^76 


12 


144 


2 48832 


57 


3249 


6016 92057 


13 


I 69 


371293 


58 


3364 


6563 56768 


14 


I 96 


5 37824 


59 


3481 


714924299 


15 


325 


7 59375 


60 


3600 


7776 00000 


16 


356 


10 48576 


61 


3721 


8445 96301 


17 


289 


14 19857 


62 


3844 


9161 32832 


18 


324 


18 89568 


63 


3969 


9924 36543 


19 


361 


24 76099 


64 


4096 


10737 41824 


20 


400 


32 00000 


65 


4225 


I1602 90625 


21 


441 


40 84101 


66 


4356 


1252332576 


22 


484 


51 53632 


67 


4489 


1350I 25107 


23 


529 


64 3<^343 


68 


4624 


14539 33568 


24 


576 


79 62624 


69 


4761 


15640 31349 


25 


625 


97 65625 


70 


4900 


16807 00000 


26 


676 


118 81376 


71 


5041 


18042 29351 


27 


729 


143 48907 


72 


5184 


19349 17632 


28 


784 


172 10368 


73 


5329 


2073071593 


29 


841 


205 11149 


74 


5476 


2219006624 


30 


900 


243 00000 


75 


5625 


23730 46875 


31 


961 


286 29151 


76 


5776 


25355 25376 


32 


10 24 


335 54432 


77 


5929 


27067 84157 


33 


1089 


391 35393 


78 


6084 


28871 74368 


34 


115^ 


454 35424 


79 


62 41 


30770 56399 


35 


1225 


52521875 


80 


6400 


32768 00000 


36 


12 96 


60466176 


81 


6561 


34867 84401 


37 


1369 


693 43957 


82 


6724 


37073 98439 


38 


1444 


792 35168 


83 


6889 


39390 40643 


39 


1521 


902 24199 


84 


7056 


4182I 19424 


40 


1600 


1024 00000 


85 


7225 


4437053125 


41 


16 81 


1 158 56201 


86 


7396 


47042 70176 


42 


1764 


1306 91232 


87 


7569 


49842 09207 


43 


1849 


1470 08443 


88 


77 44 


52773 19168 


44 


1936 


1649 16224 


89 


7921 


55840 59449 


45 


2025 


1845 28125 


90 


81 00 


59049 00000 


46 


21 16 


2059 62976 


91 


8281 


62403 21451 


47 


22 09 


2293 45007 


92 


8464 


65908 15232 


48 


3304 


2548 03968 


93 


8649 


69568 83693 


49 


2401 


2824 75249 


94 


8836 


73390 40224 


50 


2500 


3125 00000 


95 


9025 


77378 09375 


51 


26 01 


3450 25251 


96 


92 16 


81537 26976 


52 


2704 


3802 04032 


97 


9409 


85873 40257 


53 


2809 


4181 95493 


98 


9604 


90392 07968 


54 


29 16 


4591 65024 


99 


9801 


95099 00499 
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Table 2 a.— Prime Eactoes op Numbers up to 256. 
(Knmbers without Factors are themselyes Prime.) 



2 




42 = 


: 237 


82 = 


• 2-41 


3 


• 


43 




83 




4 = 


= 22 


44 


22-11 


84 


22-37 


5 




45 


3'-5 


85 


517 


6 


2*3 


46 


223 


86 


243 


1 




47 




87 


329 


8 


a3 


48 


2*3 


88 


2^11 


9 


3^ 


49 


7^ 


89 




lO 


25 


50 


252 


90 


2-3^-5 


II 




51 


317 


91 


m 


12 


22'3 


52 


22-13 


92 


22*23 


13 




53 




93 


3*31 


14 


27 


54 


2*3* 


94 


2-47 


15 


3*5 


55 


5" 


95 


519 


i6 


2* 


56 


287 


96 


26.3 


n 




57 


319 


97 




i8 


232 


58 


2*29 


98 


272 


19 




59 




99 


32.„ 


20 


22.5 


60 


22-3-5 


TOO 


22-52 


21 


37 


61 




lOI 




22 


2-II 


62 


2-31 


102 


2-3I7 


23 




63 


3^7 


103 




24 


28.3 


64 


2« 


104 


28-13 


25 


52 


<55 


513 


105 


3*57 


26 


213 


66 


2-3II 


106 


2*53 


27 


3« 


67 




107 




23 


22-7 


68 


22-17 


108 


22.38 


29 




69 


323 


109 




30 


2-3-5 


70 


2-57 


IIO 


2-511 


3ic 




71 




III 


3*37 


32 


25 


72 


28*q2 


112 


2**7 


33 


3*11 


73 




"3. 




34 


2*17 


74 


237 


114 


2-3-19 


35 


57 


75 


3-5" 


"5 


523 


36 


22.32 


76 


22-19 


116 


22-29 


37 




77 


711 


117 


3^13 


38 


2*19 


78 


2*3i3 


118 


2*59 


39 


313 


79 




119 


7-17 


40 


23-5 


80 


2*5 


120 


2^-3-5 


4A 




81 


3* 


121 


Il2 



34 NUMBEBS AND FIGURES. 



122 = 


= 2-6i 


167 


123 


341 


168 = 


124 


22-31 


169 


125 


5^ 


170 


126 


2-327 


171 


127 




172 


T28 


27 


173 


129 


343 


174 


130 


2-5*T3 


175 


I3TC 




176 


132 


22.3.1 1 


177 


133 


7-19 


178 


134 


2-67 


179 


135 


3^5 


180 


136 


23.17 


181 


137 




182 


138 


2'3-23 


183 


139 




184 


140 


22.5.7 


185 


141 


3*47 


186 


142 


2-71 


187 


M3 


1113 


188 


144 


24.32 


189 


145 


529 


190 


146 


273 


191 


^47 


372 


192 


148 


22.37 


193 


149 




194 


150 


2-3*52 


195 


151 




196 


152 


23-19 


197 


^53 


3'i7 


198 


154 


2-7*11 


199 


155 


5-31 


200 


156 


22-313 


201 


157 




202 


158 


279 


203 


159 


3*53 


204 


160 


2^^-5 


205 


161 


7 23 


206 


162 


2*3* 


207 


163 




208 


164 


22.41 


209 


165 


3-5IT 


210 


166 


2-83 


211 





212 = 


= 22-53 


23*37 


213 


371 


132 


. 214 


2*107 


2*5*17 


215 


5*43 


32.19 


216 


23.33 


22.43 


217 


7-31 




218 


2*109, 


2*3*29 


219 


373 


527 


220 


22-5.11 


2**II 


221 


1317 


3 59 


222 


2 3 37 


2-89 


223 






224 


2^*7 


22.32.5 


225 


32-52 




226 


2*113 


27*13 


227 




3-61 


. 228 


22*3*19 


23*23 


229 




5*37 


230 


2*523 


23.31 


231 


37*11 


11*17 


232 


23.29 


22.47 


233 




3^7 


234 


2-32-13 


2*5*19 


235 


5*47 




236 


22.59 


26.3 


237 


379 




238 


27*17 


2*97 


239 




5'3i3 


240 


2*3 -5 


2272 


241 






242 


2*Il2 


2 •32-11 


243 


3^ 




244 


22.6t 


23.^2 


245 


572 


3-67 


246 


2*3"4i 


2*101 


247 


13*19 


7*29 


248 


23*391 


22-3-I7 


249 


3-83 


541 


250 


253 


2*103 


251 




32-23 


252 


22.32.7 


2*13 


253 


11*23 


11*19 


254 


2*127 


2-3-57 


255 


3-5-t7 




256 


28* 
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Tables 3 a^d 3 a— Hyperbolic, Naperian, or 
Natural Logarithms. 

1. Table 3 gives the hyperbolic logarithms of integer numbers 
from 1 to 100. To find the hyperbolic logarithm of an integer 
number consisting of not more than two significant figures followed 
by noughts; take the hyperbolic logarithm corresponding to the 
significant figures, and add to it the product of the hyperbolic 
logarithm of 10 by the number of noughts (this may be found by 
the aid of the second column of Table 3 a). For example, to find 
the hyperbolic logarithm of 3700; 

Hyp. log. 37, 3-61092 

2 X Hyp. log. 10, ^'^Pi^ll 

Hyp. log. 3700, 8-21609 

Note. — Multiples of the hyperbolic logarithm of 10 may be taken 
^m the second column of Table 3 a. 

2. The hyperbolic logarithm of the product of two numbers is 
the sum of their hyperbolic logarithms. For example. 

Hyp. log. 74, 4-30407 

Hyp. log. 50, 3-91202 

Hyp. log. 3700, -. 8-21609 

3- To find the hyperbolic logarithm of a decimal fraction contain- 
ing not more than two significant figures ; take from the table the 
hyperbolic logarithm corresponding to those figures, and take the 
difference between it and as many times the hyperbolic logarithm 
of 10 as there are places of decimals. That difference will be the 
required logarithm, and will be positive or negative according as 
the fraction is greater or less than 1. For example, 

Hyp. log. 37, 3-61092 

Hyp. log. 10, 2-30259 

Hyp. log. 3-7, + 1-30833 
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Hyp. log. 37, 3-61092 

3 X Hyp. log. 10, 6-90776 

Hyp. log. 0-037, - 3-29684 

In such examples as the last, the fractional as well as the integral 
part of the hyperbolic logarithm is negative. 

4. Examples of the use of Table 3 a. 

L To find the hyperbolic logarithm of 377 from its common 
logarithm; 
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2*57634^ common logarithm. 

2- 4-605170 

5 M51293 

7 161181 

6 13816 

3 691 

4 92 

Sum, 5-932243 

The required hyperbolic logarithm is thus found to be 5-93224, 
correct to five places of decimals; the sixth being rejected as liable 
to error. 

II. To find the common logarithm corresponding to the hyper- 
bolic logarithm 5-93224; 

5- 2171472 

9.. 390865 

3 13029 

2 869 

2 87 

4 17 

2-576339 

from which, rejecting the last place of figures as liable to error, the 
required common logarithm is found to be 2*57634. 

5. To calculate the hyperbolic logarithm of the ratio of two 
nimibers without logarithmic tables; divide the difference of the 
numbers by their sum ; then add together twice the quotient, two- 
thirds of its cube, two-fifths of its fifth power, two-sevenths of its 
seventh power, and so on, until the required degree of accuracy l^as 
been attained; the result of the summation will be the required 
hyperbolic logarithm. 

377 
Example, — Eequired the hyperbolic logarithm of ^=t:, 

^)iflRBrence 7 

^ YjTj = '0093708 quotient, correct to the seventh place 

of decimals. 

Quotient, -0093708 x 2 = -0187416 

Cube, -0000009x1 = -0000006 

377 
Hyp. log. of 5=Tr, correct to the seventh place of decimab, 0187422 

NoTR^This process may be used in finding hyperbolic log- 
arithms of numbers not in the table. For example, to find the 
hyperbolic logarithm of 377, we have 
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T?w.T« +1,^ +0W00 / ^yP- log- 37, 3-61092 

From the tables, I j^^ j^l 10, 2-30258 

hyp. log. 370, 5-91350 

377 
Hyp. log. Q=T^, already calculated, 0-01874 

Hyp. log. 377, 5-93224 

6. To find the amtUoga/rithrn (or natural number) corresponding 
to a given positive hyperboUc logarithm by calculation, without 
using logarithmic tables; take the sum of the following series, to as 
many terms as may be necessary in order to give the required 
d^ree of accuracy; 

First term = 1. 

Second term := The given hyp. log. 

Third term = second term X ^ ISl — i:. 

Fourth tenn = third tena ^^I^l^tJ^, 

Fifth term = fourth term X SJI^BJZHlJ^i; 

4 

and so on. 

The accuracy of this process is the greater the smaller the given 
hyperbolic logarithm. 

"RT-AiffPT.nL — To calculate the hyperbolic anidlogarithm of 1 (in 
other words^ the number whose hyperbolic logarithm is 1) to 
seven places of decimals; 

1st term, 1-0000000 



2d 


a 


• • • « 


>•• »••••••••••••• 


...1-0000000 


3d 


99 


zsz 


2d X i 


0-5000000 


4th 


9> 


ss 


3d X i 


0-1666667 


5th 


» 


rs 


4th X i 


00416667 


6th 


9> 


zs 


5th X i 


00083333 


7th 


» 


ss 


6th X i 


0-0013889 


8th 


91 


= 


7th X f 


0-0001984 


9th 


99 


=s 


8th X i 


00000248 


10th 


99 


=: 


9th X i 


0-0000027 


11th 


99 


= 


10th X i"fr 


0-0000003 



Hyperbolic antilogarithm of 1 = 27182818 

This number is called the base of the Nduperiom LogcvrUhms^ and 
denoted in algebra by the symbol e or 0. 
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Table 3. — ^Hyperbolic Logarithms. 



Na 


Hyp. Log. 


No. 


Hyp. Log. 


Na 


Hyp. Log. 


Na 


Hyp. Log. 


I 


O '00000 


26 


3-25810 


51 


3*93183 


76 


433073 


2 


0-69315 


27 


329584 


52 


3*95^24 


77 


4*34381 


3 


I '09861 


28 


333220 


53 


3*97029 


78 


4*35671 


4 


1*38629 


29 


3*36730 


54 


3*98898 


79 


4*36945 


5 


1*60944 


30 


3-40120 


55 


4*00733 


80 


4*38203 


6 


1*79176 


31 


3*43399 


56 


4*02535 


81 


4*39445 


7 


1-94591 


32 


3*46574 


57 


4*04305 


82 


4*40672 


8 


207944 


33 


3*49651 


58 


4*06044 


83 


4*41884 


9 


2-19722 


34 


3*52636 


59 


4*07754 


84 


4*43082 


ID 


2-30259 


35 


3*55535 


60 


4*09434 


85 


4*44265 


II 


2-39790 


36 


3*58352 


61 


4*11087 


86 


4*45435 


12 


2-48491 


37 


3-61092 


62 


4*12713 


87 


4*46591 


13 


2*56495 


38 


3*63759 


63 


4*14313 


88 


4*47734 


14 


263906 


39 


366356 


64 


4-15888 


89 


4*48864 


15 


2-70805 


40 


3-68888 


65 


4*17439 


90 


4*49981 


i6 


2-77259 


41 


3*71357 


66 


4*18965 


91 


4*51086 


17 


2*83321 


42 


3*73767 


67 


4*20469 


92 


4-52179 


i8 


2-89037 


43 


3-76120 


68 


4-21951 


93 


4*53260 


19 


2-94444 


44 


3*78419 


69 


4*23411 


94 


4*54329 


20 


2*99573 


45 


3-80666 


70 


4*24850 


95 


. 4*55388 


21 


304452 


46 


382864 


71 


4*26268 


96 


4*56435 


22 


3-09104 


47 


3*85015 


■72 


4*27667 


97 


4*57471 


23 


313549 


48 


3*87120 


73 


4*29046 


98 


4*58497 


24 


3-17805 


49 


3-89x82 


74 


4*30407 


99 


4*59512 


25 


3-21888 


50 


3-91202 


75 


4*31749 


100 


4-60517 



Hyp. log. 10, correct to eight places of decimals, = 2*30258509. 



Table 3 a. — ^Multipliers for Converting Logarithms. 



Common into Hyperbolic 


HyperboUc into ( 


Common. 


I 2*302585 


0*434294 


I 


2 4-605170 


0*868589 


2 


3 6907755 


1*302883 


3 


4 9-210340 


1*737178 


4 


5 11*512925 


2*171472 


5 


^ 13-815510 


2*605767 


6 


7 16*118096 


3040061 


7 


8 18*420681 


3*474356 


8 


9 20*723266 


3*908650 


9 


10 23*025851 


4*342945 


10 
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Table 4. — Multipliers for the Conversion op Circulab 

Lengths and Areas. 







B.— Oircnmferences 0.— Radius-Lengths D.— Oircumferenoea 


1 




into 


into 


into 


into 






Gircimifer«noe& 


Diameters 


Circumferences. 


Badius-Lengths. 




I 


31416 


0-31831 


6-2832 


0*15916 


'r 


2 


62832 


0-63662 


12-5664 


O-31831 


2 


3 


9-4248 


0-95493 


X8-8496 


0-47747 


3 


4 


1 2 '5664 


1*27324 


25x327 


0-63663 


4 


5 


15-7080 


1-59155 


31-4159 


0-79578 


5 


6 


18-8496 


X -90986 


37-6991 


0-95493 


6 


1 


2I-99II 


2*228x7 


439823 


1-11409 


7 


8 


251327 


2*54648 


50-2655 


1*27324 


8 


9 


28-2743 


286479 


56-5487 


1-43240 


9 


ID 


31-4159 


3x83x0 


62-83x9 


1-59155 


xo 




B.—<%xjD]ar Areas R— Square Areas 


G.— Degrees 


H.— Badius-Lengths 






into 


into 


into 


into 






Square Areas. 


Circular Areas. 


Badios-Lengths. 


Degrees. 




I 


0-7854 


1-2732 


00x74533 


57-2958 


I 


2 


1-5708 


25465 


0-0349066 


114-5916 


2 


3 


2-3562 


38x97 


00523599 


171-8873 


3 


4 


3-I416 


5-0930 


0-0698132 


229-183X 


4 


5 


3-9270 


6-3,662 


0-0872665 


286-4789 


5 


6 


4-7x24 


7-6394 


0-1047x97 


3437747 


6 


7 


^'A91^ 


8*9x27 


O-X221730 


401*0705 


7 


8 


6-2832 


10-1859 


0-1396263 


458-3662 


8 


9 


7-0686 


IX -4592 


0-1570796 


515-6620 


9 


ID 


7-8540 


12*7324 


01745329 


572-9578 


10 




L— Mlnates E 


.—Radius-Lengths 


L— Seconds 


11— Badius-Lengths 




into 


into 


into 


into 






Badins-Lraigihs. 


Minutes. 


Radius-Lengths. 


Seconds. 




t 


0-000291 


3437*75 


0-000005 


206265 


I 


2 


0-000582 


6875-50 


0-0000 10 


412530 


2 


3 


0-000873 


103x3-24 


0-0000x5 


618794 


3 


4 


O-OOI164 


13750-99 


0-0000x9 


825059 


4 


5 


0*00x454 


17x88-74 


0-000024 


103x324 


5 


€ 


0-001745 


20626-48 


0-000029 


1237589 


6 


V 


0-002036 


24064-23 


0*000034 


1443854 


7 


8 


0*002327 


2750x97 


0*000039 


1650II8 


8 


9 


0-0026x8 


3093972 


0*000044 


1856383 


9 


ID 

« 


0*002909 


34377-47 


0*000048 


2062648 


10 


20 


0*0058x8 




0-000097 




20 


30 


0*008727 




0000145 




30 


40 


0*0x1636 




0-000x94 




40 


SO 


0-0x4544 




0*000243 




SO 



40 numbers and figures. 

Examples of the Use of Table 4. 

L "What is the circumference of a circle whose diameter is 113 
inches) From division A of the table, we have the following : — 

100 31416 

10 31-416 

3 9-4248 

113 Sum, 3550008 

The answer is 35 J inches; the fourth and third places of 
decimals being rejected as beyond the limits of exactness of 
the table. 

II. What is the radius of a circle whose circumference is 710 
inches) From division D of the table, we have the following: — 

700 111-409 

10 1-5916 

710 Sum, 113-0006 

The answer is 113 inches; the fourth place of decimals being 
rejected as beyond the limits of the exactness of the table. 

IIL What is the area in square inches of a circle of S inches 
diameter? Square of 8 = 64 = area in cvrcuUir inches. Then, by 
division E of the table, 

60 47-124 

4 , 3-1416 

Area in equa/re inches {to five figures onty), 50-266 

IV. "What is "die diameter of a circle whose area is 5027 square 
inches) From division F of the table we have 

5000 6366-2 

20 25-465 

7 8-9127 

Area in drcvla/r inches {to fi/ve fibres only), 6400-6 

the square root of which (by Table 1, the fractions being found by 
calcuhttion) is 80*004, being the diameter required in inches, correct 
to five places of figures. 

V. How many radius-lengths are there in an arc of 57° 17' 45"? 

Badiaa-Lengths. 

From division G, 50° ; 0'd>n%^5 

— — r 0-122173 

— — I, 10' 0-002909 

— — T 0002036 

— — L, 40" 0-000194 

~ — 5" 0-000024 

Total, 57°ir45" 1-000001 

or almost exactly one radius-length. ' ^ 
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YI. How many minutes are there in the arc which is one- 
eightieth (or 0*0125) of a radios-length? By division K we hava 

•01 34-3775 

•002 6-8755 

•0005 1-7189 

42-9719 Ansioer; 
or 42^ S^* neai-ly. 



Explanation op Table 5. 

This table gives the circumferences and areas of circles^ of 
diameters firom 101 to 1000; the circumferences computed to two, 
places of decimals, the areas to the nearest unit. Circumferences 
and areas for diameters not in the table may be computed by the 
aid of the following principles : — 

1. The circumferences of circles are proportional to their diam- 
eters. 

2. The areas of circles are proportional to the squares of their 
diametersL 



// 



/" 
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Table 5. — Circumferences and 


Areas of Circles. 


Diam. 


Circum. 


Area. 


Diam. 


Circum. 


Area. 


lOI 


31730 


8012 


146 


458-67 


16742 


I02 


32044 


8171 


147 


461*81 ' 


16972 


103 


32358 


8332 


148 


464*96 


17203 


104 


32673 


8495 


149 


468*10 


17437 


105 


329-87 


8659 


150 


471*24 


1767I 


106 


33301 


8825 


151 


474-38 


17908 


107 


33615 


8992 


152 


47752 


18146 


108 


33929 


9161 


153 


480-66 


18385 


109 


34243 


9331 


154 


48381 


18627 


no 


345-58 


9503 


^55 


486*95 


18869 


III 


34872 


9677 


156 


490*09 


I9II3 


112 


35186 


9852 


157 


493-23 


19359 


"3 


35500 


10029 


158 


49637 


19607 


114 


35814 


10207 


159 


499*51 


19856 


115 


361-28 


10387 


160 


502*65 


20106 


116 


364-42 


10568 


161 


505*80 


20358 


117 


367-57 


IO75I 


162 


508*94 


20612 


118 


37071 


10936 


163 


512*08 


20867 


119 


373-85 


III22 


164 


515*22 


2II24 


120 


37699 


II3IO 


165 


518*36 


21382 


121 


38013 


1 1499 


166 


521*50 


21642 


122 


38327 


1 1690 


167 


52465 


21904 


123 


386-42 


II882 


168 


52779 


22167 


124 


389-56 


12076 


169 


53093 


22432 


125 


392-70 


12272 


170 


534*07 


22698 


126 


39584 


12469 


171 


537*21 


22966 


127 


398-98 


12668 


172 


540*35 


23235 


128 


402*12 


12868 


173 


543*50 


23506 


129 


405-27 


13070 


174 


54664 


23779 


130 


408-41 


13273 


175 


54978 


24053 


131 


411-55 


13478 


176 


55292 


24329 


132 


414-69 


13685 


177 


556*06 


24606 


133 


417-83 


13893 


178 


559*20 


24885 


134 


42097 


I4IO3 


179 


56235 


25165 


135 


424*12 


I43U 


180 


56549 


25447 


136 


427*26 


• 14527 


181 


56863 


25730 


137 


43040 


14741 


182 


57177 


26016 


138 


433-54 


14957 


183 


574*91 


26302 


139 


43668 


15175 


184 


578*05 


26590 


140 


43982 


15394 


185 


58119 


26880 


141 


442*96 


15615 


186 


584-34 


27172 


142 


446*1 1 


15837 


187 


587-48 


27465 


143 


449-25 


16061 


188 


590*62 


27759 


144 


45239 


16286 


189 


59376 


28055 


I4S 


45553 


16513 


190 


596*90 


28353 



43 



Diam. 


Circiim. 


Area. 


Diam. 


Circum. 


Area. 




191 


600*04 


28652 


236 


741*42 


43744 




192 


60319 


28953 


237 


74456 


44115 




193 


60633 


29255 


238 


747*70 


44488 




194 


60947 


29559 


239 


75084 


44863 




195 


6i2-6i 


29865 


240 


753*98 


45239 




196 


615*75 


30172 


241 


757*12 


45617 




197 


.618-89 


30481 


242 


760*27 


45996 




198 


622*04 


30791 


243 


763*41 


46377 




199 


625*18 


3"03 


244 


766-55 


46759 




200 


628*32 


31416 


245 


769*69 


47144 




201 


631-46 


31731 


246 


772*83 


47529 




202 


634*60 


32047 


247 


775*97 


47916 




203 


637*74 


32365 


248 


779*12 


48305 




204 


640*89 


32685 


249 


782-26 


48695 




205 


644*03 


33006 


250 


785*40 


49087 




206 


647*17 


33329 


251 


788*54 


49481 




207 


650*31 


33654 


252 


791*68 


49876 




208 


65345 


33979 


253 


794*82 


50273 




209 


65659 


34307 


254 


797*96 


50671 




210 


659*73 


34636 


255 


801 •! I 


51071 




211 


662*88 


34967 


256 


304*25 


51472 




212 


666 '02 


35299 


257 


80739 


51875 




213 


669*16 


35633 


258 


810*53 


52279 




214 


672*30 


35968 


259 


813*67 


52685 




215 


675*44 


36305 


260 


816*81 


53093 




216 


678*58 


36644 


261 


819*96 


53502 




217 


68i*73 


36984 


262 


823*10 


53913 




218 


684*87 


37325 


263 


826*24 


54325 




219 


688*01 


37668 


264 


829*38 


54739 




220 


691*15 


38013 


265 


83252 


55155 




221 


694-29 


38360 


266 


835*66 


55572 




222 


697*43 


38708 


267 


838*81 


55990 




223 


700-58 


39057 


268 


841*95 


56410 




224 


703*72 


39408 


269 


84509 


56832 




225 


70686 


39761 


270 


848-23 


57256 




226 


710*00 


40115 


271 


851*37 


57680 




227 


713*14 


40471 


272 


854 *5t 


58107 




228 


716*28 


40828 


273 


85766 


58535 




229 


719*42 


41187 


274 


86o-8o 


58965 




230 


722*57 


41548 


275 


863-94 


59396 




231 


725*71 


41910 


276 


867*08 


59828 




232 


728*85 


42273 


277 


870*22 


60263 




233 


731*99 


42638 


278 


873*36 


60699 


. 


234 


735*13 


43005 


279 


876*50 


61136 




335 


738*27 


43374 


280 


879*65 


61575 


_ 



44 



Diam. 


Circum. 


Area. 


DIam. 


Circum. 


Area. 


281 


88279 


62016 


326 


1024*16 


83469 


282 


885-93 


62458 


327 


1027*30 


83982 


283 


889-07 


62902 


328 


1030*44 


84496 


284 


892*21 


63347 


329 


1033*58 


85012 


285 


895*35 


63794 


330 


103673 


85530 


286 


898*50 


64242 


331 


1039*87 


86049 


287 


901*64 


64692 


332 


1043*01 


86570 


288 


90478 


65144 


333 


1046*15 


87092 


289 


907*92 


65597 


334 


1049*29 


87616 


290 


91 1 06 


66052 


335 


1052*43 


8814I 


291 


914*20 


66508 


336 


1055*58 


88668 


292 


917:35 


66966 


337 


105872 


89197 


293 


920*49 


67426 


338 


1061*86 


^9727 


294 


92363 


67887 


339 


1065*00 


90259 


295 


926*77 


68349 


340 


1068*14 


90792 


296 


929*91 


68813 


341 


1071*28 


91327 


297 


93305 


69279 


342 


1074*42 


91863 


298 


936*19 


69747 


343 


1077*57 


92401 


299 


939*34 


70215 


344 


1 080 7 1 


92941 


300 


942*48 


70686 


345 


1083*85 


93482 


301 


945*62 


71158 


346 


1086*99 


94025 


302 


94876 


7163I 


347 


1090*13 


94569 


303 


951*90 


72107 


348 


1093*27 


95115 


304 


955*04 


72583 


349 


1096*42 


95662 


305 


958*19 


73062 


350 


1099*56 


96211 


306 


961*33 


73542 


351 


1102*70 


96762 


307 


964*47 


74023 


352 


1105*84 


97314 


308 


967*61 


74506 


353 


1108*98 


97868 


309 


97075 


74991 


354 


III2'I2 


98423 


310 


973*89 


75477 


355 


1115*27 


98980 


311 


977*04 


75964 


356 


1118*41 


99538 


312 


980*18 


76454 


357 


1121*55 


100098 


313 


983*32 


76945 


358 


1124*69 


100660 


314 


986*46 


77437 


359 


1127-83 


101223 


315 


989*60 


77931 


360 


1130*97 


101788 


316 


99274 


78427 


361 


1134*12 


102354 


317 


995*88 


78924 


362 


1137*26 


102922 


3^8 


999*03 


79423 


363 


1140*40 


103491 


3x9 


1002*17 


79923 


364 


1143*54 


104062 


320 


1005*31 


80425 


365 


1146*68 


104635 


321 


1008*45 


80928 


366 


1149*82 


105209 


322 


1011*59 


81433 


367 


1152*97 


105785 


323 


101473 


81940 


368 


1156*11 


106362 


324 


1017*88 


82448 


369 


"59*25 


106941 


325 


102 1 '02 


82958 


370 


1162*39 


107521 





» 


45 






Diam. 


Circum. 


Area. 


Diam. 


Circtim. 


Area. 


371 


1165-53 


I08103 


416 


1306-91 


135918 


372 


1168-67 


108687 


417 


1310-05 


136572 


373 


1171-81 


109272 


418 


I313-I9 


137228 


374 


1174-96 


109858 


419 


1316-33 


137885 


375 


II78-IO 


I 10447 


420 


1319*47 


138544 


376 


1181*24 


IIIO36 


421 


1322-61 


139205 


377 


1184-38 


I I 1628 


422 


1325*75 


139867 


378 


1187-52 


II222I 


423 


132889 


140531 


379 


1190-66 


II2815 


424 


1332-04 


I4II96 


380 


1193-81 


II34II 


425 


1335*18 


141863 


381 


1196-95 


114009 


426 


1338-32 


142531 


382 


1200-09 


I I 4608 


A^l 


1341-46 


I432OI 


383 


1203-23 


II5209 


428 


1344*60 


143872 


384 


1206-37 


IT5812 


429 


1347*74 


144545 


385 


1209-51 


I16416 


430 


1350-89 


145220 


386 


1212-66 


II702I 


431 


1354*03 


145896 


387 


1215-80 


II7628 


432 


1357*17 


146574 


388 


1218-94 


"8237 


433 


1360-31 


147254 


389 


1222-08 


I 18847 


434 


1363*45 


147934 


390 


1225-22 


I 19459 


435 


1366-59 


I48617 


39^^ 


1228*36 


120072 


436 


1369*73 


149301 


392 


1231-50 


120687 


437 


1372*88 


149987 


393 


1234-65 


I21304 


438 


137602 


150674 


394 


1237-79 


I21922 


439 


1379*16 


151363 


395 


1240-93 


122542 


440 


1382-30 


152053 


39<5 


1244-07 


I23163 


441 


1385*44 


152745 


397 


1247-21 


123786 


442 


1388-58 


153439 


398 


1250-35 


I244IO 


443 


1391*73 


154134 


399 


1253-50 


125036 


444 


1394*87 


154830 


400 


1256-64 


125664 


445 


1398*01 


155528 


401 


1259-78 


126293 


446 


1401-15 


156228 


402 


1262-92 


126923 


447 


1404*29 


156930 


403 


1266-06 


127556 


448 


1407*43 


157633 


404 


1269-20 


I2819O 


449 


1410-58 


158337 


405 


127235 


128825 


450 


1413*72 


159043 


406 


1275-49 


129462 


451 


1416-86 


159751 


407 


1278-63 


I3OIOO 


452 


1420*00 


160460 


408 


1281-77 


I3074I 


453 


1423*14 


161171 


409 


1284-91 


I3I382 


454 


1426-28 


T61883 


410 


1288-05 


132025 


455 


1429-42 


162597 


411 


1291-19 


132670 


456 


1432-57 


163313 


4t2 


1294-34 


I33317 


457 


1435*71 


164030 


413 


1297-48 


133965 


458 


1438-85 


164748 


414 


1300-62 


I34614 


459 


1441*99 


165468 


415 


1303*76 


135265 


460 


. 144513 


166190 



46 



Diam. 


Circum. 


Area. 


Diam. 


Circum. 


Area. 


461 


1448-27 


166914 


506 


1589-65 


301090 


462 


1451-42 


167639 


507 


1592-79 


201886 


463 


1454-56 


168365 


508 


1595*93 


202683 


464 


145770 


169093 


509 


15^9-07 


203482 


465 


1460-84 


169823 


510 


l602*2I 


204282 


466 


1463-98 


170554 


5" 


1605-35 


205084 


467 


1467-12 


171287 


512 


1608-50 


205887 


468 


1470-27 


172021 


513 


1611*64 


206692 


469 


M73'4i 


172757 


5U 


161478 


207499 


470 


147655 


173494 


515 


1617*92 


208307 


471 


1479-69 


174234 


516 


1621*06 


2091 17 


472 


1482-83 


174974 


517 


1624*20 


209928 


473 


1485-97 


175716 


518 


1627-35 


31074I 


474 


1489-12 


176460 


519 


1630-49 


2II556 


475 


1492*26 


177205 


520 


1633*63 


212372 


476 


1495-40 


177952 


521 


1636*77 


213189 


477 


1498-54 


17870I 


522 


1639*91 


214008 


478 


1501-68 


179451 


523 


1643*05 


214829 


479 


1504-82 


180203 


524 


1646*20 


215651 


480 


1507-96 


180956 


525 


1649-34 


216475 


481 


1511-11 


1817II 


526 


1652*48 


2173OI 


482 


1514-25 


182467 


527 


1655*62 


218128 


483 


1517-39 


183225 


528 


1658*76 


218956 


484 


1520-53 


183984 


529 


1661*90 


219787 


485 


1523-67 


184745 


530 


1665*04 


220618 


486 


1526-81 


185508 


531 


1668*19 


221452 


487 


1529*96 


186272 


532 


1671*33 


222287 


488 


1533*^0 


187038 


533 


1674*47 


223123 


489 


1536-24 


187805 


534 


1677*61 


223961 


490 


1539-38 


188574 


535 


i68o*75- 


224801 


491 


1542*52 


189345 


536 


1683*89 


225642 


492 


1545-66 


I9OII7 


537 


1687*04 


226484 


493 


1548-81 


190890 


538 


1690-18 


227329 


494 


1551*95 


I91665 


539 


1693-32 


228175 


495 


1555-09 


192442 


540 


1696*46 


229022 


496 


1558-23 


I9322I 


541 


1699*60 


229871 


497 


1561-37 


194000 


542 


1702*74 


230722 


498 


1564-51 


194782 


543 


1705*88 


231574 


499 


1567-65 


195565 


544 


1709*03 


232428 


500 


1570-80 


196350 


545 


1712-17 


233283 


501 


1573-94 


I97136 


546 


i7i5'3i 


234140 


502 


1577-08 


197923 


547 


1718*45 


234998 


503 


1580-22 


I98713 


548 


1721*59 


235858 


504 


1583-36 


199504 


549 


1724-73 


236720 


505 


1586-50 


200296 


550 


1727-88 


237583 
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Diam. 

553 
554 
555 
556 

557 

558 

559 
560 

561 

562 

563 

564 

565 
566 

567 
568 

569 
570 
571 
572 

573 
574 
575 
576 

577 
578 

579 
580 

581 
582 

583 

584 

585 
586 

587 
588 

589 
590 

59^ 
59^ 
593 
594 
595 



Circtim. 
1731*02 

173416 

173730 
1740-44 

174358 

1746*73 
1749-87 

I753OI 

I75615 
1759-29 

1762-43 

1765-58 
1768-72 
1771-86 
1775-00 

1778-14 
1781-28 
1784-42 

1787-57 
1790-71 

1793-85 
1796-99 

1800*13 
1803*27 
1806-42 
1809-56 
1812-70 

1815-84 
1818-98 
1822*12 
1825*27 
1828-41 

1831-55 
1834*69 

1837-83 
1840*97 

1844*11 

1847*26 

1850-40 

iS53'54 
1856-68 

1859-82 

1862*96 

1866*11 

1869*25 



Area. 
238448 

239314 
240182 

241051 

241922 

242795 

243669 

244545 
245422 

246301 

247181 

248063 

248947 

249832 

250719 

251607 

252497 

253388 

254281 

255176 
256072 
256970 
257869 
258770 
259672 
260576 
261482 
262389 
263298 
264208 
265120 
266633 
266948 
267865 
268783 
269702 
270624 

271547 
272471 

273397 
274325 
275254 
276184 

277117 
278052 



Diam. 


Circum. 


Area. 


596 


1872*39 


278986 


597 


1875-53 


279923 


598 


1878-67 


280862 


599 


i88i-8i 


281802 


600 


1884*96 


282743 


601 


1888-10 


283687 


602 


1891*24 


284631 


603 


1894-38 


285578 


604 


1897-52 


286526 


605 


1900*66 


287475 


606 


1903-81 


288426 


607 


1906*95 


289379 


608 


1910-09 


290334 


609 


1913*23 


291289 


610 


1916*37 


292247 


6n 


1919*51 


293206 


612 


192265 


294166 


613 


1925*80 


295128 


614 


1928*94 


296092 


615 


1932*08 


297057 


616 


1935*22 


298024 


617 


1938*36 


298992 


618 


1941*50 


299962 


619 


1944^*65 


300934 


620 


1947*79 


301907 


621 


1950-93 


302882 


622 


1954*07 


303858 


623 


1957*21 


304836 


624 


1960*35 


305815 


6i^B 


1963*50 


306796 


626 


1966*64 


307779 


627 


1969*78 


308763 


628 


1972*92 


309748 


629 


1976*06 


310736 


630 


1979*20 


3II725 


631 


1982*35 


312715 


632 


1985*49 


313707 


633 


1988*63 


314700 


634 


199177 


315696 


635 


1994*91 


316692 


636 


1998*05 


317690 


637 


2001*19 


318690 


638 


2004*34 


319692 


639 


2007*48 


320695 


640 


2010*62 


321699 
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Diam. 


Circum. 


Area. 


Diam. 


Circum. 


Area. 


641 


2013*76 


322705 


686 


215513 


369605 


643 


2016*90 


3237^3 


687 


2158*27 


370684 


643 


2020*04 


324722 


688 


2161*42 


371764 


644 


2023*19 


325733 


689 


2164*56 


372845 


645 


2026*33 


326745 


690 


2167*70 


373928 


646 


2029*47 


327759 


691 


2170-84 


375013 


647 


2032*61 


328775 


692 


2173*98 


576099 


648 


203575 


329792 


693 


2177*12 


377187 


! 649 


2038-89 


330810 


694 


2180*27 


378276 


650 


2042*04 


33^831 


695 


2183*41 


379367 


' 651 


2045*18 


332853 


696 


2186*55 


380459 


652 


2048*32 


333876 


697 


2189*69 


381554 


1 653 


2051*46 


334901 


698 


2192*83 


382649 


654 


2054*60 


335927 


699 


2195*97 


383746 


655 


2057*74 


336955 


700 


2199*11 


384845 


656 


2060*88 


337985 


701 


2202*26 


385945 


657 


2064*03 


339016 


702 


2205*40 


387047 


658 


2067*17 


340049 


703 


2208 '54 


38815I 


659 


2070-31 


341084 


704 


2211*68 


389256 


660 


2073*45 


342II9 


705 


2214*83 


390363 


661 


207659 


343157 


706 


2217*96 


39147 I 


662 


2079*73 


344196 


707 


2221*11 


392580 


663 


2082-88 


345237 


708 


2224*25 


393692 


664 


2086*02 


346279 


709 


2227-39 


394805 


665 


2089*16 


347323 


710 


2230*53 


395919 


666 


2092*30 


348368 


711 


2233*67 


397035 


661 


2095*44 


349415 


712 


2236*81 


398153 


668 


2098*58 


350464 


713 


2239*96 


399272 


669 


2101*73 


35^514 


714 


2243*10 


400393 


670 


2104*87 


352565 


715 


2246*24 


4OI515 


671 


21080I 


353618 


716 


2249*38 


402639 


672 


2111*15 


354673 


717 


2252-52 


403765 


673 


2114*29 


355730 


718 


2255*66 


404892 


674 


2117*43 


356788 


•719 


2258*81 


406020 


675 


2120*58 


357847 


720 


2261*95 


407150 


676 


2123*72 


358908 


721 


2265*09 


408282 


677 


2126*86 


359971 


722 


2268*23 


409416 


678 


2130*00 


361035 


723 


2271*37 


410550 


679 


2133*14 


362IOI 


724 


2274*51 


41 1687 


680 


2136*28 


363168 


725 


2277-65 


412825 


681 


2139*42 


364237 


726 


2280-80 


4X3965 


682 


2142*57 


365308 


727 


2283*94 * 


415106 


683 


2I4571 


366380 


728 


2287*08 


416248 


684 


2148-85 


367453 


729 


2290*22 


417393 


685 


2151*99 


368528 


730 


2293*36 


418539 
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Diam. 


Circum. 


Area. 


Diam. 


Circum. 


Area. 


731 


2296-50 


419686 


776 


2437*88 


472948 


73a 


2299-65 


420835 


777 


2441-02 


474168 


733 


2302-79 


421986 


778 


2444*16 


475389 


734 


230593 


423139 


779 


2447*30 


476612 


736 


2309-07 


424293 


780 


2450-44 


477836 


736 


2312-21 


425448 


781 


2453*58 


479062 


737 


231535 


426604 


782 


245673 


480290 


738 


2318-50 


427762 


783 


245987 


481519 


739 


2321-64 


428922 


784 


2463-01 


482750 


740 


2324-78 


430084 


785 


2466-15 


483982 


741 


2327-92 


431247 


786 


2469-29 


485216 


743 


2331-06 


432412 


787 


2472-43 


486451 


743 


2334-20 


433578 


788 


2475*58 


487688 


744 


2337*34 


434746 


789 


247872 


488927 


745 


2340-49 


435916 


790 


2481-86 


490167 


746 


2343*63 


437087 


791 


2485-00 


491409 


747 


2346-77 


438259 


792 


2488-14 


492652 


748 


2349^1 


439433 


793 


2491*28 


493897 


749 


2353*05 


440609 


794 


2494*42 


495 M3 


750 


2356-19 


441786 


795 


2497*57 


496391 


751 


2359*34 


442965 


796 


250071 


497641 


753 


2362*48 


444146 


797 


2503-85 


498892 


753 


236562 


445328 


798 


2506*99 


500145 


754 


236876 


44651 I 


799 


251013 


501399 


755 


2371-90 


447697 


800 


2513*27 


502655 


756 


2375*04 


448883 


801 


2516-42 


503912 


757 


2378*19 


450072 


802 


2519*56 


505171 


758 


2381-33 


451262 


803 


252270 


506432 


759 


2384*47 


452453 


804 


2525-84 


507694 


760 


2387-61 


453646 


805 


2528-98 


508958 


761 


239075 


454841 


806 


2532-12 


510223 


762 


239389 


456037 


807 


2535*27 


511490 


763 


2397-04 


457234 


808 


2538-41 


512758 


764 


2400-18 


458434 


809 


2541*55 


514028 


765 


2403*32 


459635 


810 


2544-69 


515300 


766 


2406-46 


460837 


811 


2547*83 


516573 


767 


2409-60 


462041 


8t2 


2550-97 


517848 


768 


2412*74 


463247 


813 


2554*11 


519124 


769 


2415-88 


464454 


814 


255726 


520402 


770 


2419-03 


465663 


815 


2560-40 


521681 


771 


2422-17 


466873 


816 


256354 


522962 


77« 


2425-31 


468085 


817 


2566-68 


524245 


773 


2428-45 


469298 


818 


2569-82 


525529 


774 


2431*59 


470513 


819 


2572*96 


526814 


775 


243473 


471730 


820 


2576*11 


528102 



E 
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D'uaa. 


Circum. 


Area. 


Diam. 


Grcum. 


Area. 


821 


257925 


529391 


866 


2720*62 


589014 


822 


2582-39 


530681 


867 


2723-76 


590375 


823 


258553 


531973 


868 


2726*90 


59173S 


8^4 


2588-67 


533267 


869 


2730-04 


593102 


825 


2591-81 


534562 


870 


2733-19 


594468 


826 


2594-96 


535858 


871 


2736-33 


595835 


827 


2598-10 


537157 


872 


2739*47 


597204 


828 


2601-24 


538456 


873 


2742-61 


59857s 


829 


2604-38 


539758 


874 


2745-75 


59994? 


830 


2607-52 


541061 


875 


2748*89 


601320 


831 


2610-66 


542365 


876 


2752*04 


602696 


832 


2613-81 


543671 


877 


275518 


604073 


833 


2616-95 


544979 


878 


2758*32 


605451 


834 


2620-09 


546288 


879 


2761*46 


606831 


835 


2623-23 


547599 . 


880 


2764*60 


608212 


836 


2626-37 


548912 


881 


276774 


609595 


837 


2629*51 


550226 


882 


2770*88 


610980 


838 


. 263265 


551541 


883 


2774-03 


612366 


839 


263580 


552858 


884 


2777-17 


613754 


840 


2638-94 


554177 


885 


2780*31 


615143 


841 


2642-08 


555497 


886 


2783-45 


616534 


842 


2645*22 


556819 


887 


2786-59 


617927 


843 


2648-36 


558142 


888 


278973 


619321 


844 


2651-51 


559467 


889 


2792-88 


620717 


845 


2654-65 


560794 


890 


2796*02 


622114 


846 


2657-79 


562122 


891 


2799*16 


623513 


847 


2660-93 


563452 


892 


2802*30 


624913 


848 


2664-07 


564783 


893 


2805-44 


6263x5 


849 


2667-21 


5661 16 


894 


2808-58 


627718 


850 


2670-35 


567450 


895 


2811-73 


629124 


851 


2673-50 


568786 


896 


2814-87 


630530 


852 


2676-64 


570124 


897 


2818*01 


631938 


853 


2679-78 


571463 


898 


2821-15 


633348 


854 


2682*92 


572803 


899 


2824*29 


634760 


855 


2686-06 


574x46 


900 


2827*43 


636173 


856 


2689*20 


575490 


901 


2830-58 


«37587 


857 


2692*34 


576835 


902 


283372 


639003 


858 


2695-49 


578182 


903 


2836*86 


64042 I 


869 


2698-63 


579530 


904 


2840*00 


641840 


860 


2701-77 


580880 


905 


2843*14 


643261 


861 


2704*91 


582232 


906 


2846*28 


644683 


862 


2708-05 


583585 


907 


2849*42 


646107 


863 


2711*19 


584940 


908 


2852*57 


647533 


864 


2714-34 


586297 


909 


285571 


648960 


865 


2717*48 


587655 


910 


2858*85 


650388 



51 



Diam. 


Orcuxn. 


Area. 


Diam. 


Circum. 


Area. 


911 


286i*99 


651818 


956 


3003*36 


717804 


912 


2865-13 


653250 


957 


3006*50 


719306 


913 


2868-27 


654684 


958 


3009*65 


720810 


914 


2871-42 


656119 


959 


3012*79 


722316 


915 


2874-56 


657555 


960 


3015*93 


723823 


916 


2877-70 


658993 


961 


3019*07 


7^5332 


917 


2880-84 


660433 


962 


3022-21 


726842 


918 


2883-98 


661874 


963 


302535 


728354 


919 


2887-12 


663317 


964 


3028*50 


729867 


920 


2890-27 


664761 


965 


303^*64 


731382 


921 


2893-41 


666207 


g66 


303478 


732899 


922 


2896-55 


667654 


967 


3037-92 


734417 


923 


2899-69 


669103 


968 


3041*06 


735937 


924 


2902-83 


670554 


969 


3044-20 


737458 


925 


2905-97 


672006 


970 


304734 


738981 


926 


2909-11 


673460 


971 


3050-49 


740506 


927 


2912-26 


674915 


972 


3053*63 


742032 


928 


2915-40 


676372 


973 


3056-77 


743559 


929 


2918-54 


677831 


774 


3059*91 


745088 


930 


2921*68 


679291 


975 


3063*05 


746619 


931 


2924*82 


680753 


976 


3066*19 


748151 


933 


2927-96 


682216 


977 


3069-34 


749685 


933 


2931-11 


683680 


978 


3072-48 


751221 


934 


2934*26 


685147 


979 


3075^2 


752758 


935 


2937*39 


686615 


980 


307876 


754296 


936 


2940*53 


688084 


981 


3081-90 


755837 


937 


2943-67 


689555 


982 


3085-04 


757378 


938 


2946*81 


691028 


983 


3088*19 


758922 


939 


2949-96 


692502 


984 


3091*33 


760466 


940 


2953*10 


693978 


985 


3094*47 


762013 


941 


2956-24 


695455 


986 


3097*61 


763561 


942 


2959*38 


696934 


987 


3100*75 


765111 


943 


2962-52 


698415 


988 


3103*89 


766662 


944 


2g6^'66 


699897 


989 


3107-04 


768215 


945 


2968-81 


701380 


990 


3IIO-18 


769769 


946 


2971-95 


702865 


991 


3113*32 


771325 


941 


2975*09 


704352 


992 


3116-46 


772882 


948 


2978-23 


705840 


993 


3119*60 


774441 


949 


2981-37 


707330 


994 


3122-74 


776002 


950 


2984-51 


708822 


995 


3125-88 


777564 


951 


2987*65 


710315 


996 


312903 


779128 


952 


2990-80 


7I181O 


997 


3132-17 


780693 


953 


2993*94 


713306 


998 


3135*31 


782260 

^^ ^^ ^% 


954 


2997-08 


714803 


999 


3^38-45 


783828 


955 


3000-22 


716303 


1000 


3141*59 


J85398 
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TRIGONOMETRICAL RULES. 

(The following is a summary of the principles and chief rules of 
trigonometry. In applying those rules to ordinary mechanical 
questions, a very brief table, such as Table 6, is sufficient; but for 
purposes of surveying, astronomy, and navigation, it is necessaiy to 
use tables too voluminous to be included in such a work as this.) 

I. Trigonometrical Functiona Defined. — Suppose that A, B, 
stand for the three angles of a right-angled triangle, C being the 
right angle, and that a, 6, c stand for the sides respectively opposite 
to those angles, c being the hypothenuse ; then the various names 
of trigonometrical functions of the angle A have the following 
meanings :— 

sinA=:-: cosA=-: 
c' c 

» c—b . - c— a 

versm A = : coversm A = : 

c c ' 

tan A = -r ; cotan A = - : 
a 

A ^ A ^ 

sec A = J-: cosec A := -. 
6 a 

The complement of A means the angle B, such that A + B'= a 
right angle; and the sine of each of those angles is the cosine of the 
other, and so of the other functions by pairs. 

II. Eelations mnongst the Trigonometrical Fuiictions of One 
Angle, A, and of its Supplement, 180° — A : — 

sin A = i^ 1 — cos^ A ^ r- = r : 

sec A cosec A 

^« A n . 9 A cotan A 1 

cos A = VI — sm2 A = — = rl 

cosec A sec A' 

versin A = 1 — cos A ; 

coversin A =: 1 — sin A; 

tan A = = — 7 = sin A • sec A = ^/ sec^ A — 1 : 

cos A cotan A , ' 

ootan A := -; — t- =: 7 7- =: cos A • cosec A = #y cosec^ A — 1 : 

sm A tan A ' 

1 ^ 

sec A = = V 1 -htan^ A : 

cos A ' 

cosec A = -: — r = n/ 1 + cotan^A. 
sm A 
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sm(180* — A) = 8mA; 

cos (180* — A) = — cos A; 

versin (ISO* — A) = 1 + cos A = 2 — versin A; 

coversin (180* — -A.) = coversin A; 

tan (ISO* — A) = — tan Aj 

cotan (ISO* — A) = — cotan A; 

sec (180* — A) = — sec A; 

cosec (ISO* — A) = cosec A 

To compute sines, &c., approximately by series; reduce tbe 
angle to circular measure — that is, to radius-lengths and fractions 
of a radius-length (see Table 5) ; let it be denoted by A. Then 

• A - A -^^ A5 A7 

*^ ^ " ^ ■" 2:3 "*■ 2.3.4.5 ~ 2.3.4.5.6.7 "^ ^ 

, A2 A* A« 

cosA=l-.-^ + ^^-.2:3A5r6-'^^- 

UJL Trig(ynomeirical Functions of Ttvo Angles :^^ 

sin (A =±z B) = sin A cos Bziz cos A sin B ; 
cos (A =lz B) = cos A cos B =7= sin A sin B; 

+ /A-i-T5\ tan A =1= tan B 

tan (A =4= B) = . -r-r — ^. 

^ ' IzptanAtanB 

IV. Formvlcefor the Solviion of Plane Triangle, — Let A, B, 
be the angles, and a, 5, c the sides respectively opposite them. 

1. Bclations amongst the Angles — 

A + B + C = 180^; 
or if A and B are given, 

= 180^ - A - B. 

2. When the Angles and One Side are given, let a be the given 

side; then the other two sides are 

, sin B sin C 

= a '— — T-: c = a • -; — r- 

sin A sm A 

3. When Two Sides and the Included Angle are glren^ let a, 6 be 

the given sides, C the given included angle; then 
To find the third side. First Method: 

c = ^ (a2 + 52 _ 2 a 6 cos C); 

Second Method: Make sin D = r- • cos tt ; then 

a + 6 2 

c = (a + 5) cos D. 
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Third Method: Make tan E = j- • sia -s-; then 

a - a a 

c = (a - 6) sec E. 

To find the remaining cmgles, A and R 
If the third side has been computed, 

sin A = - • sin C : sin B = - • sin G 
c c 

If the third side has not been computed, 

^ A+B ^O^A-Ba-6^0 

tan • — jr — = cotan ^r : tan — j? — = j- cotan -x ; 

2 2' 2 a + 6 2 

. A + B A ~ B ^ A + B A - B 

^ - — 2~ ^ ~2^'' ^ ' ~2 2~' 

4. When the Three SMtoe are sfren, to find any one oftfie angles, 

such as C — 

a2 + 62 - c2 

C08 0= 5 — 7 ; 

2 a 6 

J otherwise, let 

a + 5 + c ^- 
8 » 3 ; then 

. ^ 2iJ 8 (s — a) (a — b) (s — c) 

sin = i ^-\ ^ ^^• 

a b 

Note. — In all trigonometrical problems, it is to be borne in mind, 
that small acute an^es, and large obtuse angles, are most accurately 
determined bj means of their sines, ta/ngents, and coseca/nts, and 
angles approaching a right angle by their cosines, cokmgents, and 
secants, 

5. To Solre a Bighl-angle« Triangle.^ — ^Let denote the right 

angle; c the hypothenuse; A and B the two oblique angles; a and 
b the sides respectively opposite them. 

Given, the right angle, another angle B, the hypothenuse c. 
Then 

A = 90® — B; a = c • cos B; 6 = c • sin B. 
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CSiTen, the ngkk angle, anotber angle B^ a side a, 

A = 90^ - B; & = a -tan Bj « = a • sec R 
Given, the right angle, and the sides a, h, 

tan A = T ; tan B = - ; c = J a^ •{• b\ 

a Ob 

Given, the right an^e, the hypothemise c; a side a, 

sin A = cos B = - : 6 = */^"^^~a^ 

c 

Given, the three sides a, 5, c, which fulfilling the eqaation. 
^ = a^ + 6^, the triangle is known to be right-angled at C. 

smA = -: sinB =-. 
c c 



6. T« g x yra — the Ana •£ a PbuM TMugle !■ Teraui of its Sidto* 
and Angles. 

Given, one side, c, and the angles. 

. _^ c* sin A sin B 
-^^^""2- sinC • 

Given, two sides, 5, ^ and the included angle A 

- 6c* sin A 
Area = 5 -• 

Given, the three sides a, 6, c Let x = 8\ then 

Area=: V < « (« — a) (« — 6) (« — c) > . 

V. 2?t^es ybr <Ae SoliUion of SphericaZ Triomglea. — Let A, B, O 
denote the three angles of a spherical triangle, and 0s fi, y, the 
angles subtended bj its sides at the centre of the sphere, called for 
brevity's sake, the sides. 

The aphetmxd eoeaets neans, the excess of the snm of the angles 
A + B + C above two right angles. 

^ Spherical excess ^ area of triangle 

• 4 right angles sur&ce of hemisphere 

2. To compute the wpfroocMnaJte spherical toacesB^ in secondsy of a 
triangle on the earth's sur£sice whose area is given; divide that 
area bj one or other of the following divisors, according as it is 
given in square feet, in square nautical miles, or in square metres :— 

* 

AreagivMLin Diyiaor. Com. Log; 

Square feet, 2,115,500,000 9*3254101 

Square nautical miles, 57*29578 17581226 

Square metres, ...« 196,530,000 B'2934243 
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3. Given, two angles of a spherical triangle^ and the side between 
them; to find the remaining sides and angle — 

Let A, B be the given angles, and r '^e given sid& Then to 
find the remaining sides, « and ^ — 

A-B 

. ii cos — s — 

\fi,r\ — — -^ = tan Ti • i 

2 2 A + B* 

cos-^— 

. A-B 

- sin — 5 — 

tan — ?; — = tan ;; • 



2 . A + B' 

Bin-^— 

_ flt + /8 ^ <i - /8 ^ flt -f /8 <t - /8 
•"22''^" 2 "2' 
To find the remaining angle, C, we have the proportion- 
sin «: sin iS : sin y :: sin A : sin B : sin C. 

4. Given, two sides of a spherical triangle and the angle between 
them; to find the remaining side and angle — 
Let «, ^ be the given sides; C, the given angle. 
First Method, — To find the remaining side, y; 

cos y = cos « * cos iS + sin « * sin i3 * cos C; 

but this formula being unsuited to calculation by logarithms, the 
following has been deduced from it : — 

Make sin D = cos -^ • a /sin « • sin /B; then 

Bin| = y/{ain(li-^D).rin(4^-D)}, 

and to find the remaining angles, we have the proportion, 
sin y : sin « : sin iS : : sin C : sin A : sin R 

Second Method, — To find the remaining angles. A, R 

• -/3 . G 
, A + B cos-y--cotan^ 

tan — 5 — = 5 

cos-^ 

A-B sm-^-cotan-^ 

tan — s — = ■ • 

2 . « + /8 ' 



TRIGONOMETRICAL RULES. 57 

._A + B A - B -p A + B A -^ B 

2~ "^ 2 ' 2 2 

The remaining side, y, is found by the proportion stated 
above. 

5. The three sides of a spherical triangle being given, to find 
the angles — 

Let C be the angle sought in the first instance. Then 



^ cos y — cos ct • cos /3 

cos = ; ; — : 

sin « • sin /3 



or otherwise— 



Let 9 r= ^ — ~ denote the half sum of the sides; 

«« g ^ A / 5n > -sin (g-y) . „•„ C _^ /8in(>— )(8ma-<8) 
-^ V 8in«*8in/3 -^ V sintt'siniS 

c c c c 

COS jisbestwhen ^ approaches a right angle; sin ^ when g is small 

These formulae will serve alike to compute any angle. If it is 
desired to express the angle sought by A or by B, the following 
substitutions are to be made in the formulse : — 

For the following symbols in the formulae for C,... a fi y 

Substitute respectively in the formulae for A,... fi y a 

— — — — for B,... y « /3 

6. In a right-angled spherical triangle, the right angle and any 
two other parts being given, to find the remaining parts— 
Let C be the right angle, and y the side opposite to it. 

Case L Two sides being given, the third is found by the 
equation- 
cos it • COS ^ = COS yj 

and the oblique angles by the equations — 

cos A = cotan y • tan /8j cos B = cotan y • tan «; 

or by the equations — 

cotan A = cotan « * sin /S; cotan B = cotan /9 • sin «. 

Case II. Given, a side («) and the opposite angle (A). Find 
the side /3 by the formula — 

sin iS = tan * * cotan A; 

then find y and B as in Case L 
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Case III. Given, a side («) and the adjacent angle (B). Find 
the side r by the formula — 

cotan y = cos A • cotan /8 j 
then find » and B as in Case I. 

Case IV. Given, two angles^ A, B — 

cos A ^ cos B . A X -o 

cos « = - — =r: cos /S = - — r'f cos r = cotaa A • cotan K 
sin B sm A 

YI. Approximate Solutiona of Spherical Triomgleay used in, 
Tongonometriccd Surveying, 

1. Given, in a triangle on the earth's surface the length of one 
side, c, and the adjacent angles, A, B ; to find approximately the 
third angle, C. 

Calculate the approodmcUe a/rea of the triangle, as if it were 
plane. From that area calculate the '^ spherical ezcess," X. Then 

C = 18(y' + X-A-R 

2. To find approximately the remaining sides, a, h, of the same 
triangle. Let «, /3, y be the angles subtended by the sides. 

From each of the angles subtract one-third of the spherical 
excess, and then treat the triangle as if it were plane. That is to 
•say-— 

ain(A-f) 8m(B-f) 

8m(0-f) 8m(c-f) 

Problem Thibd. — Given, in a triangle on the earth's sur&ce^ 
two sides, a, h, and the included angle, C, to find tBte remaining 
side, c, and angles A, B. 

Compute the approxiTnate area as if the trkngle were plane ; 
thence compute the spherical excess, X, and deduct one-third of it 
from the given angle. Then consider the triangle as a plane 
triangle, in which are given the two sides a, b, and the included 

angle C= C — ^, and find the third side, c, and the remaining 

angles. A', K. Then for the remaining angles of the real spherical 
triangle, take 

A = A'+|;B = F+^. 



BA 



Table 6. — Abc3, Sines, and Tanqents^ idb eyebt Dscsee 

»BOM r TO 89\ 

Explanation. 

1. The table gives arcs and their ccHnplements in circular 
meafiore, sines and cosines, tangents and cotangents, for every 
whole degree, correct to five places of decimals. 

2. Arcs containing fractions of a degree may be found either 
by the aid of Table 4, Divisions I and L, or by multiplying the 
fractional part by 0'01745, and adding the product to the arc 
corresponding to the whole number of degrees. 

3. For finding the sines, &c., of angles containing fractions of a 
degree, the following process is correct to the following numbers of 
places of decimals : — 

For sines and tangents of an^es between 0"* and 6°, ) m n 
For cosines and cotangents of angles between 84° > ? 
and 90^ J places; 

For sines of angles between 6° and 90®,... "^ 

For cosines of angles between 0° and 84®, , 1 To four 

For tangents of angles between 6° and 30°, [ places; 

For cot^gents of angles between 60° and 84°, J 

For tangents of angles between 30° and 46°, ) To three 

For cotangents of angles between 45° and 60°, J places. 

Multiply the fraction of a degree by the difference between the 
values of the quantity to be found for the next lower and next 
higher whole numbers of degrees, and add the product to the value 
for the next lower whole number of degrees. 

Example.— Required the sine of 30° 20' = 30° J. 

Sine of 30°, -50000 

Sine of 31°, . '51504 

Difference, -01504 

•00501 

Add sine of 30°, -50000 

Sin 30° J, correct to four places of decimals, -50501 

4. The sine or codne of an angle containing a fraction of a degree 
may be found correct to ^ve places of decimals, when required, as 
follows : — Find a first approximation to the sine or cosine by the 
preceding rule. Then multiply together the given fraction of a 
degree, the difference between that fraction and unity, the fraction 
*00015, and the approximate sine or cosine already found; the 
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product will be a correction, to be added to the approximate sine 
or cosine for a more exact value. 

Example. — Required the sine of 30°J, correct to five places of 
decimals. 

First approximation, as already found, *50^01 

Correction to be added, i x § x -00015 x -50501 = -000017 

Sum -505027 
so that the sine required, to five places of decimals, is -50503. 

Cobbection-Factobs, to Multiply Approximate Sines and 

CosmEs. 



MlDnte& 


Factors. 


MInntes. 


5 


I-OOOOII 


55 


lO 


I -00002 1 


so 


15 


1-000028 


4S 


90 


1-000033 


40 


as 


1*000036 


3S 


30 


1-000037 


30 



AAgIe 


Arc. 


Sine. 


Tangent 


l". 


..0x745. 


..01745. 


..01746... 


2 


03491 


03490 


03492 


3 


05236 


05234 


05241 


4 


06981 


06976 


06993 


S ...08727., 


,.08716. ..08749... 


6 


10472 


10453 


IO510 


7 


I2217 


I2187 


12278 


8 


^39^3 


I3917 


14054 


9 ...15708. ..15643. ..15838... 


10 


17453 


17365 


17633 


II 


19199 


I9081 


19438 


12 


20944 


20791 


21256 


13 ...22689.. 


,.22495. ..23087... 


14 


24435 


24192 


24933 


15 


26180 


25882 


26795 


16 


27925 


27564 


28675 


17. .< 


. 29671...29237... 30573.., 


18 


31416 


30902 


32492 


19 


33161 


32557 


34433 


20 


34907 


34202 


36397 


21... 


. 36652. ..35837«-38386... 


22 


38397 


37461 


40403 


23 


40143 


39073 


42447 


24 


41888 


40674 


44523 


25- 


► 43633-. 42262. ..46631,.. 


26 


45379 


43837 


48773 


27 


47124 


45399 


50953 


28 


48869 


46947 


53171 


29... 


, 50615.. .48481. ..55431... 


30 


52360 


50000 


57735 


31 


64105 


51504 


60086 


32 


55850 


52992 


62487 


33- 


57596.. .54464. 


..64941... 


34 


59341 


55919 


67451 


35 


61087 


57358 


70021 


36 


62832 


' 58779 


72654 


37- 


. 64577. ..60182. 


••75355*** 


38 


66322 


61566 


78129 


39 


68068 


62932 


80978 


40 


69813 


64279 


83910 


41... 


. 71558. ..65606. 


..86929... 


42 


73304 


66913 


90040 


43 


75049 


68200 


93252 


44 


76794 


69466 


96569 


45-. 


. 78540.. 


,.70711 ] 


[•00000... 


Co-angle. Co-arc. 


Co-sine. 


Co-tangent 



Co-tangent Co-sine. 
57*28996. ..99985... 
28-63625 99939 
19*08114 99863 
14*30067 99756 
11-43005.. .99619... 

951436 99452 
814435 99255 

7*ii540 99027 

6'3i375-. -98769.. . 
5-67128 98481 

514455 98163 
4*70463 97815 

433148.. .97437— 
4*01078 97030 

3-73205 96593 
3-48741 96126 
3-27085. ..95630... 
3-07768 95106 
2-90421 94552 
2-74748 93969 
2-60509.. .93358... 
2*47509 927^8 
235585 92050 
2-24604 91355 
2-14451... 90631... 
2*05030 89879 
1-96261 89101 
1*88073 88295 
1-80405. ..87462... 
1-73205 86603 
1-66428 85717 
1-60033 84805 
i*53986... 83867... 
1*48256 82904 
1*42815 81915 
1*37638 80902 
T-32704...79864... 
1-27994 78801 
1-23490 77715 
1*19175 76604 

1*15037.. .75471-. 
1*11061 74314 
107237 73135 
103553 71934 

1*00000... 707 1 1,,. 

Tangent Sine. 



Co-arc Co-angia 

*55335...89' 
•53589 88 
•51844 87 
•50099 86 

•48353.-85 
*466o8 84 

•44863 83. 

•43117 82 

*4T372...8i 

•39627 80 

*3788i 79 

36136 78 

•34391. -77 
•32645 76 

•30900 75 

•29155 74 
27409...73 

*25664 72 

•23919 71 

*22i73 70 

•20428... 69 

•18683 68 

•16937 67 

'15192 66 

•13447. ..65 
•11701 64 

•09956 63 
*o82ii 62 
•06465... 6 1 
*0472o 60 
•02975 59 
•01230 58 

99484.. .57 

97739 56 

95993 55 
94248 54 

92503 •53 
90758 52 

89012 51 

87267 50 

85522. ..49 

83776 48 
82031 47 
80286 46 
78540...45 

Arc Angle. 
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V.1 



Section L — Plaite AsEAa 



L Wmm tM ^ gna a. "RuiM A. — Multiply the kngtli of one of the 
sides by ihe perpendicular distance between that side and ihe 
opposite side. 

BuLE B. — ^Multiply together the lengths of two adjacent sides 
and iiie sine of the angle which they make with each other. 
(When the parallelogram is right-angled, that sine is = 1.) 

2. Tj ap M B ^ i d (or four-sided figure bounded by a pair of parallel 
straight lines, and a pair of straight lines not pandlel). Multiply 
the half sum of the two parallel sides by the perpendicular distance 
between them. 

3. Tctengie. Kui^ A. — Multiply the length of any one of the 
sides by one-half of its perpendicular distance from the opposite 
angla 

£;ULE B. — Multiply one-half of the product of any two of the 
sides by the sine of the angle between them. 

Rums C. — Multiply together the following four quantities : the 
half sum oi the three sides, and the three remainders left after 
subtracting each of the three sides £rom that half sum; extract the 
square root of the quotient; that root will be the area required. 

Note. — Any polygon may be measured by dividing it into tri- 
angles, measuring those triangles, and adding thieir areas together. 

4. WmnObmlle Fignres of tlie Third Decree.— The parabolic figures 

to whidi the following rules apply are of the following kind (see 
fig& 1 and 2.) One boundary is a straight line, A X,' called the 
baee or axis; two other boundaries are 
eith» points in that line, or straight : 
lines at right an^es to it, such as 
A B and X C, called ordinates; and 
the £oTirUi boundary is a curve, B C, 

of the parabolic doss, and of the third v 9 

degree; that is, a curve whose ordiTuUe ^ ^* ^' 

(or perpendicidar distance irom. the base A X) at any point is 
expressed by what is called an algebraical funclwn of tJte third 
degree of the ahadsaa (or distance of that ordinate from a fixed 
point in the base). An algebraical function of the third degree of a 
qaantity consists of terms not exceeding four in number, of which 




// 
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one may be constant^ and the rest must be proportional to powers 
of that quantity not higher than the cube. 

HuLE A. — ^Divide the base, as in fig. 1^ into two equal parts 
or intervals;. measure the endmost ordinates, A B and X C, and 
the middle ordinate (which is dotted in the figure) at the point of 
division; add together the endmost ordinates kvA fomr times the 
middle ordinate, and divide the sum by six; the quotient will be 
the mean breadth of the figure, which, being multiplied by the 
length of the base, A X, will give the area. 

Rule B. — Divide the base, as in fig. 2, into three equal intervals; 
measure the endmost ordinates, A B and X C, and the two inter- 
mediate ordinates (which are dotted) at the points of division; add 
together the endmost ordinates and three times each of the inter- 
mediate ordinates; divide the sum by eiglU; the quotient will be 
the Tnean breadth of the figure, which, being multiplied by the 
length of the base, A X, will give the area. 

In applying either of those rules to figures whose curved 
boundaries meet the base at one or both ends, the ordinate at each 
fiuch point of meeting is to be made = 0. 

6. Any Plane Area. — Draw an axis or base-line, AX, in a con- 
venient position. The most convenient position is 
usually parallel to the greatest length of the area to 
be measured. Divide the length of the figure into a 
convenient number of equal intervals, and measure 
breadths in a direction perpendicular to the axis*at 
the two ends of that length, and at the points of 
division, which breadths will, of course, be one more 
in number than the intervals. (For example, in fig. 
3, the length of the figure is divided into ten equal 
intervals, and eleven breadths are measured at 60, 6^, 
&c.) Then the following rules are exact, if the sides 
of the figure are bounded by straight lines, and by 
parabolic curves not exceeding the third degree, and 
are approximate for boundaries of any other figures. 
Fig. 8. Rule A. (*' Simpson's First Eide,'* to be used 

when the number of intervals is even.)--Add together 
the two endmost breadths, tunce every second intermediate breadth, 
Bud/our times each of the remaining intermediate breadths; mul- 
tiply the sum by the common interval between the breadths, and 
divide by 3; the result will be the area required. 

For two intervals the multipliers for the breadths are 1, 4, 1 
as in Rule A of the preceding Article); for four intervals, 
, 4, 2, 4, 1 ; for six intervals, 1, 4, 2, 4, 2, 4, 1 ; and so on. These 
are called "Simpson's Multipliers." 

ExAMPLB.~Length, 120 feet, divided into mx intervals of 20 
feet each. 
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Breadihs In Feet Simpson's t>~wi««*„ " "^ 

and Decimals. MultipUers. woaucta ^ ^ ^ 

17-28 1 17-28 r -y 

16-40 4 65-60 ^ £? > 

1408 2 28-16 ^ ^ --* 

10-80 4 43-20 ^ ^: Z I 

7-04 2 1408 ^ :^ ^ 

3-28 4 1312 ^ .^ -- 

1 0-00 ,/ ^ ^ ^' 

Sum, 181-44 i "^ P .'^ 
X CommoD interval, 20 fefe^j. *. /* s^ 

~ 3)86285 ^^^ J 

Area required, 1209-6 square feet. '* 

Rule B. {"Simpson's Second jRtUey' to be used when the 
number of intervals is a multiple of 3.) — Add together the two 
endmost breadths, ttvice every third intermediate breadth, and 
thrice each of the remaining intermediate breadths ; multiply the 
sum by the common interval between the breadths, and by 3; 
divide the product by 8 ; the result will be the area required^ 

"Simpson's multiplicu-s" in this case are, for three intervals, 
1, 3, 3, 1 ; for six intervals, 1, 3, 3, 2, 3, 3, 1 ; for nine intervals, 
1, 3, 3, 2, 3, 3, 2, 3, 3, 1 ; and so on. 

Example. — ^Length, 120 feet, divided into six intervals of 20 
feet each. 

Breadths in Feet Simpson's i>«A^r..a« 

and Decimals. MultipUers. woauctt. 

17-28 1 17-28 

16-40 3 49-20 

14-08 3 42-24 

10-80 2 21-60 

7-04 3 21-12 

3-28 3 9-84 

1 0-00 

Sum, 161-28 
X Common interval, 20 feet. 

322R 
X 3 

■f. 8 )9676-8 

Area required, 1209-6 square feet. 

Remabe:s. — The preceding examples are taken from a parabolic 
figure of the third degree, for which both Simpson's Hules are 
exact; and the results of using them agree together precisely. For 
other figures, for which the rules are approximate only, the first 

F 
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nile is in general somewhat more accurate than the second, and is 
therefore to be used unless there is some special reason for pre- 
ferring the second. 

The probable extent of error in applying Simpson's First Rule 
to a given figure is, in most cases, nearly proportional to the fourth 
power of the length of an interval. 

The errors are greatest where the boundaries of the figure are 
most curved, and where they are nearly perpendicular to the axis. 
In such positions of a figure the errors may be diminished by sub- 
dividing the axis into smaller intervals. 

Rule C. (" Merrifidcrs Trapezoidal Eule" for calculating sepa- 
rately the areas of tie parts into which a figure is subdivided by 
its equidistant ordinates or breadths.) — Write down the breadths 
in their order. Then take the differences of the successive breadths, 
distinguishing them into positive and negative according as the 
breadths are increasing or diminishing, and write them opposite 
the intervals between the breadths. Then take the differences 
of those differences, or second differences, and write them opposite 
the intervals between the first differences, distinguishing them into 
positive and negative according to the following principles : — 

First I>ifference& Second Difference. 

Positive increasing, or ) p^j^j^^ 

^Negative diminishing, J 

Negative increasing, or ) N-pcrativP 

Positive dimmishing, J /^ 

In the column of second differences there will now be two blanks 
opposite the two endmost breadths; those blanks are to be filled up 
with numbers each forming an arithmetical progression with the 
two adjoining second differences, if these are unequal, or equal to 
them, if they are equal. 

Divide each second difference by 12; this gives a correction,* 
which is to be svhtracted from the breadth opposite it if the second 
difference is positive, and added to that breadth if the second 
difference is negative. 

Then to find the area of the division of the figure contained 
between a given pair of ordinates or breadths; multiply the half 
sum of the correct^ breadths by the interval betioeen them. 

The area of the whole figure may be formed either by adding 
together the areas of all its divisions, or by adding together the 
halves of the endmost corrected breadths, and the whole of the 
intermediate breadths, and multiplying the sum by the common 
interval 

Example. — ^Length, 120 feet, divided into six intervals of 20 feet 
each. 
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BresdllMiin 

Feet and 


Ftnt 
DifierenoMi 


Second 
Differenceai 


Coneetioim. 


Correeted 
Breadths. 


Areas of 
Divisions. 










Feet Sq. Feet 


17-28 




(— 1-92) 


+ o*i6 


17 -44 > 




— 0-88 








. 339-6 


16*40 


— 2*32 


— 1*44 


+ 0*I2 


16*52 ^ 


► 306*8 


14*08 




— 0*96 


+ o*o8 


14*16 ' 






— 3-28 






1 


► 250*0 


1080 




— 0*48 


+ 0*04 


1084 - 

I 178*8 

7*04 \ 

► I02-8 

3-24 

} 316 




— 376 






7*04 












— 3-7<5 






328 




+ 0*48 


— 0*04 




— 3-28 











(+ 0*96) 


— o*o8 


— o*o8 ^ 


1 



Total area^ square feet^ 1209*6 

The second differences enclosed in parentheses at the top and 
bottom of the column are those filled in by making them form an 
arithmetical progression with the second differences adjoining them. 
The last corrected breadth in the present example is negative, 
and is therefore subtracted instead of added in the ensuing com- 
putation. 

Rule D. — ("Common Trapezoidal EtUe,^ to be used when a 
rough approximation is sufficient.) Add together the halves of the 
endmost breadths, and the whole of the intermediate breadths, and 
multiply the sum by the common interval 

Example.— The same as before. 

Feet 

Half breadth at one end, 17-28 -r- 2 = 8'6i 

16-40 



Intermediate breadths. 



Half breadth at the other end, • 

X Common interval. 
Approximate area, 

True area as before computed, . 

Error y — 4-8 square feet. 

6. Ctocle.— The area of a circle is equal to its circumference 
multiplied by cme-foui-th of its diameter, and therefore to the square 
of the diameter multiplied by one-fourth of the ratio of the circum- 



14-08 
10-80 

7-04 

3-28 


60-24 
20 

1204-8 square feet 
1209-6 
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ferenoe to the diameter. The ratio of the area of a circle to the 

square of its diameter (which ratio is denoted by the symbol jj 

is incommensiMrahle; that is, not expressible exactly in figures; but 
it can be found approximately, to any required degree of precision. 
Its value has been computed to 250 places of decimals; but the 
following approximations are close enough for most purposes, 
scientific or practical : — 

Approximate Values of ^ • Brrors in Practiona of the 

*^*^ 4 Oirde, about 

•7853981634 - + one-300,000,000,000th. 

•785398 + -one-5,000,000th. 

•7854 - + one-400,000th. 

i-^^o - +one-13,000,000th. 

4 X 113 

11 

14" 

Tables 4 and 5 contain examples of the results of such calculations. 
The diameter of a circle equal in area to a given squa/re is very 
nearly 1*12838 x the side of the square. The following table gives 
examples of this : — 

Table 4 n. — ^Multipliers fob Convertinq 



+ one-2,500th. 





Sides of Squares into 


Diameters of Circles 






Diameters of 


into Sides of 






Equal Circles. 


Equal Squares. ' 




I 


I-I2838 


0*88623 


I 


a 


2*25676 


1-77245 


2 


3 


3-38514 


2*65868 


3 


4 


4-51352 


3-54491 


4 


5 


5-64190 


4-43 "3 


5 


6 


6*77028 


5-31736 


6 


7 


7*89866 


6*20359 


7 


8 


9*02704 


7*08981 


8 


9 


1015542 


7*97604 


9 


o 


11*28380 


8*86227 


10 



7. The area of a oircninr Sector (O A C B, ^g, 4) is the same 

fraction of the whole circle that the 
angle A O B of the sector is of a whole 
revolution. In other words, multiply 
half the Bqua/re oftfie radius, or one-eighdi 
of the square of the diameter, by the 
circular measure (to radius unity) of the 
angle A O B; the product will be the 

area of the sector. (For circular measures of angles, see Tables 

4 and 6.) 




Fig. 4. 
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8. A c»rciiiar Segment (A D B,C, fig. 4) is equal to the sector 
A C B less the triangle O A B. Hence, from the circular 
measure of the angle A O B subtract its sine; multiply the re- 
mainder by half the square of the radius; the product will be the 
area of the segment. 

9. circniar Spandriis. Case L — Spandril ACE, bounded by 
the arc A C, the tangent C E, and the external secant A E. From 
the tangent of the angle A O C subtract the circular measure of 
that angle; multiply the remainder by half the square of the 
radius; the product will be the area. 

Case II. — Spandril A C F, bounded by the arc A C, the tangent 
C F, and the straight line A F perpendicular to C F. From twice 
the sine of the angle A O C subtract the circular measure of that 
angle, and half the sine of double the angle ; multiply the remainder 
by half the square of the radius ; the product will be the area. 

10. Ellipse. Case I. — Given (in £g, 5), the two axes, A O a, 
B O 6. Multiply the lengths of those axes together, and their pro- 

duct by 7 • (See Article 6 of this section.) 

Case II. — Given, a pair of conjugate 
diameters, C O c, D O d (that is, a 
pair of diameters each of which is par- 
allel to the tangents at the ends of the 
other). From one end of one of those 
diameters (as D) let fall D E perpen- 




Fig. 5. 



dicular^to the other diameter, C c; multiply Cc by twice D E, 
and the product by j; or otherwise — multiply together the given 
conjugate diameters, and their product by the sine of the angle 
between them, and by - 

11. Slllptic Sectors and Segments.— In fig. 6, let O A^ O B^ be 

the greater and lesser semi-axes of an ellipse, 
A C D B a quadrant of that ellipse, C O D an 
elliptic sector, and C D an elliptic segment. 
About O with the radius O A describe the 
circular quadrant Ace? 6; through C and D 
draw C c and D d parallel to O B, cutting the 
circle in c and d. Join Oc,Od,cd. Then 
as OA 



:isto OB 

::soisthecircular |«^^^^^^^ ^ 

I or segment c a 



: to the elliptic 




sector O C D 
or segment D. 



Kg. 6. 
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12. Mjpe^bmiu Sector.— In fig 7, let the straight lines O X, O Y, 
be the asymptotes of a hyperMa; A and B two points in that 

hyperbola, and O AB a, hyperbolic 
sector, whose area is required. A 
characteristic property of the hy- 
perbola is the foUowing: that if 
firom any point in it, such as A or 
B, there be di-awn straight lines 
parallel to the asymptotes, so as 
to enclose a parallelogram, snch as 
O C A E or O D B F, the areas of 
all such parallelograms shall be 
equal for a given hyperbola. Let 
the commonarea of them all for the 
given hyperbola be called the modtdus; then the area of the sector 
A O B is equal to the modulus multiplied by the hyperbolic log- 

AC BF 




Hg. 7. 



arithm of the ratio 



-_-^. (For hyperbolic logarithms, see 

Tables 3 and 3 a.) The areas A C D B and A E F B are each of 
them equal to the sector A O B. _ . 

13. VLmrmmmie Cm^e (see ^g, 8). Case I. Single Hamwmc 
Curve.— Jjet A B be the base and O C the height of a harmonic 

curve, O being the 
o middle of the base. 

The ordinate X Y, at 
any point, X, in the 
base, is equal to O 
C multiplied by the 
cosine of an angle 




Fig. 8. 



bearing the same proportion to two right-angles that O X bears to 
A R Then the area A C B is equal toABxOCx^ The 

approximate value of -, correct to about one-2,000,000th, is -63662. 

Case II. Dovhle Hcmmaic Curve, or Cv/rve of Versed Smes,— 
Let the harmonic curve be continued to D and E as far below A B 
as C is above that line; the arcs A D and B E being similar to 
A C and B C, but inverted; so that the new base D E is twice the 
length of A B, and is a tangent to the curve at D and E; and the 
new height F C is twice O C. Then the area D C E = D E x 

FCx|. 

14. Trochoid, or Boiling iTaToJime (see ^g. 9).— Let a circular 
disc, H, roll along a straight line, E F; then a tracing point fixed 
in the rolling disc traces a trochoid, of which A C B is one wave. 
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extending from one of the lowest positions of the tracing-point to 

the next. Let the base of the figure to be measured be the straight 

line, A B, touching the 

trochoid at A and B; 

then the length of that 

base is equal to the 

circumference of the 

rolling circle, H; and 

the extreme breadth of ^^- ^• 

the figure, C D, is twice the tracing radivs, or distance of the 

tracing-point from the centre of the rolling circle. 

To find the area, A C B ; multiply the base, A B, by the tracing 
radius, ^ C D, and to the product add the area of the circle 
described on D as a diameter. 

15. CJatenarr* or Chain-cuTve. — See Section IV., further on. 

Section II. — Cylindrical, Conical, and Spherical Areas. 

1. cylinder. — The curved surface of a cylinder is measured by 
multiplying its circumference by its length. 

2. €)Mie. — ^The curved sur£9u;e of a right cone is greater than 
the area of its circular base, in the same proportion in which the 
slanting side of the cone is longer than the radius of its base. 

3. Sphere*— The surface of a sphere is equal to the curved surface 
of the circumscribed cylinder — that is, to the diameter of the sphere 
multiplied by its circumference, or to four times the area of a great 
circle of the sphere. 

4. Spherical ZMtee mmd. SegMevtii^— The area of a zone or belt, 
or of a segment of a sphere^ is equal to that of a zone of equal 
height on the curved surface of the circumscribed cylinder. In 
other words, multiply the height of the zone or segment by the 
circumference of a great circle of the sphere. 

Thus, in fig. 10, B A C is a hemisphere ; B D E C, a circum- 
scribed cylinder ; O A, the axis of 
that cylinder; F K, a plane per- 
pendicular to that axis, cutting 
it in H, and cutting the sphere 
in the small cirde I J. Then 
I A J is a segment of the sphere ; 
and its area is equal to that of 
the cylindrical belt F D E K, or 
to the circumference of the sphere 
X A H; and B I J C is a zone 
or belt of the sphere, whose area ^' ^^* 

is equal to that of the cylindrical belt B F K C, or to the cir- 
cumference of the sphere x H O. 
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5. Spherical Titeagie.— As a complete revolution (or four rights 
angles) 

: is to the spherical excess (see Trigonometrical Bules^ 
Division V.), 
: : so is the surface of the hemisphere 
: to the area of the triangle^ 

Section III. — Volumes. 

1. Anr PrUm or Cylinder with Plane Parallel Ends. HULE A. — 

Measure the sectional area of the prism or cylinder upon a plane 
perpendicular to its axis; multiply that area by the length; the 
product will be the volume. 

BuLE B. — ^Multiply the area of either end by the perpendicular 
distance between the planes of the ends. 

2. Rectangular Priam, with Plane Ends not Parallel. — Measure 

the sectional area on a plane perpendicular to the axis; multiply it 
by the half-sum of the lengths measured along a pair of opposite 
edges. ^ 

3. Triangnlar Prism, with Plane Ends not Parallel. — Measure 

the sectional area on a plane at right an^es to the axis; multiply 
by the third part of the sum of the lengths of the three edges. 

4. Rectangular Pri«m with Curved Ends [" WooUei/s Hide'*). — Add 

together the lengths along the middles of the four faces of the 
prism, and twice the length along the axis, and divide the sum by 
six, for the mean length; multiply the mean length by the sec- 
tional area measured on a plane perpendicular to the axis. 

This rule is exact when the ends of the prism are curved surfaces, 
of a degree not exceeding the third, and approximate for other 
curved surfaces. 

5. Any Solid. METHOD I. By Layers. — Choose a straight axis in 
any convenient position. (The most convenient is usually parallel 
to the greatest length of the solid.) Divide the whole length of 
the solid, as marked on the axis, into a convenient number of equal 
intervals, and measure the sectional area of the solid upon a series 
of planes crossing the axis at right angles at the two ends and at 
the points of division. Then treat those areas as if they were the 
breadths of a plane figure, applying to them Rule A, B, or C, of 
Section I., Article 5 ; and the result of the calculation will be the 
volume required. If Rule C is used, the volume will be obtained 
in separate layers. 

This method is exact when the sectional area is an algebraical 
function of the distance along the axis of a degree not higher than 
the third. Some of the figures which fulfil that condition are 
specified further on. For o&er figures the method is approximate 
only. 
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Method II. By Prisnis or Columns (" WooUet/'s Eule^*). — ^Assume 
a plane in a convenient position as a base, divide it into a network 
of equal rectangular divisions, and conceive the solid to be built of 
a set of rectangular prismatic columns, having these rectangular 
divisions for their sectional areas. Measure the thickness of the 
solid at the centre and at the middle of each of tJie aides of each of 
those rectangular columns; calculate the volume of each column 
by the rule of Section IIL, Article 4, and take the sum of those 
volumes. 

Or otherwise, to calculate the volume of the solid at one 
operation — add together the doubles of all the thicknesses before- 
mentioned, which are in the interior of the solid, and the simple 
thicknesses which are at its boundaries; divide the sum by six, and 
multiply by the area of one rectangular division of the base. 

6. Cone or Pyramid.— Multiply the area of the base by one-third 
of the height, measured perpendicularly to the plane of the 
base. 

7. Sphere and Ellipsoid. KuLE A. — Multiply the area of a 
diametral section (found by Section I., Article 6, for a circle, or by 
Section I., Article 10, for an ellipse) by two-thirds of the height 
measured perpendicularly to the plane of that section. 

KuLE B. — Multiply together the three axes of an ellipsoid (or 
take the cube of the diameter of a sphere) ; then multiply by the 

factor g. 

Approximate Values of -. Errors, about 

0-5235987756 - + one-300,000,000,000th. 

0-523599 - + one-2,300,000th. 

0-5236- + one-400,000th. 

^— vTo- ...+one-13,000,000th. 

O X llo 

377 

,^- ....+one-40,000th. 

^- + one-2,500th. 



8. Fmstnni — ^Priranoid — Spherical and Ellipsoidal Segments and 

les. — ^The following rule is applicable to 

A frustum, or part cut off from a cone or pyramid by a plane 
X)arallel to the base (fig. 11); 

A prismoid, or solid bounded by two parallel quadrangular ends 
(E F L K, C D I H, fig. 12) and four plane faces, parallel or not 
(C F L H, H L K I, I K E D, D E F C); 

A segment cut off by one plane, or a zone cut out by a pair of 
paraUel planes, from a sphere or an ellipsoid (fig. 13) : 
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And generally, to any solid bounded endwise by a pair of parallel 
planes, and sideways by a conical, spherical, or elUpsoidal surface, or 
by any number of planes. 




Fig. 11. 



,«•.-.,. 



Fig. 1% 
To the areas of the ends add four times the area of a cross 
section made by a plane midway between and parallel to the 

ends ; divide the sum by six for the mean 
section, which multiply by the length A X 
measured perpendicular to the planes of the 
ends. 

9. Spherical Cone (0 I A J, ^. 10). — 

Find by Section II., Article 4, the area of the 
segment I A J, which is the base of the 
cone; multiply that area by one-third of the 
radius of the sphere. 




*- '' 

Fig. 13. 



Section IV. — Lengths op Curves. 



The measurement of the lengths of curves is called rectification, 
1. Any Curve. RuLE A By Chords.— liet A B (fig. 14) be 
the curved line whose length is to be measured. Divide it into 

any even number of intervals, 
equal or unequal, by points (such 
as 1, 2, 3), measure the series of 

strai ght c hords (such as ATl, 12, 
2 3, 3B), which span those in- 
tervals, and take the sum of 
tiieir lengths; measure also the 
straight chords (such as A2, 2B) 
J , which span the intervals by pairs, 

«.nd take the sum of their lengths; to the first sum add one-third 




Kg. 14. 
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of tlie difiTerenoe between it and the second sum; the resalt will be 
the approximate length of the curve. 

KuLE B. By Chords and TcmgerUs. — ^Divide the curve into 
any number of intervals, equal or unequal, by points (such as 2 in 
fig. 14). At the ends and points of division draw straight tangents 
(such as A Tj, T^ Tg, To B), stopping at their first intersections with 
each other. Measure tne total length of those tangents, and also 

the total length of the straight chords (such as A 2, 2 B). To the 
total length of the tangents add twice the total length of the chords, 
and divide the sum by 3; the quotient will be the approximate 
length required. 

Rule C. By Tangents. — Let A B (fig. 15) be the curved line 
to be measured. Through its two ends, A and B, draw a pair of 
parallel lines in any convenient direction (but the more nearly that 
direction is perpendicular to 
a straight line from A to B 
the more accurate will the 
result be). Divide the dis- 
tance between those parallel 
lines into an even numb^ of 
eqwd intervals, by means of 
intermediate parallel lines, 
cutting the curve in inter- 
mediate points, sudi as 1, 
2, 3. At each of these in- 
termediate points, and also 
at the ends of the curve, 
draw straight tangents ex- 
tending the whole way from 
one of the outer parallel 
lines to the other (as A Tq, 

Mtdtiply the lengths of 

those tangents in their order 

by "Simpson's Multipliers" 

(as in Section I., Article 5, Rule A^; add together the pr(\ducts, 

and divide their sum by the sum oi the multipliers; the quotient 

will be the i^proximate length required. 

Remark. — The errors of the three preceding rules vary nearly as 
the fourth power of the angular interval^ or angle made by the 
tangents at the two ends of an interval; hence the lengths of the 
intervals should be made least where the curvature is most rapid, so 
that the angular intervals may be nearly equal. The following are 
the proportionate errors in applying the rules to circular arcs 
with angular intervals of 30^; + meaning too great^ and — too 
small:— 




'BiQ, 15. 
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Eiile A, EiTor about - one-6,500tlL 

B, „ + one-4,000tL 

C, + one-250tlL 



9) 



9> 





With half the angiilar interval, the errors are reduced in each case 
to one-sixteenth. 

EuLE D. For Arcs o/SmaU Curvature, — In £g, 16, let A B be 

the arc to be measured. Draw the straight 
chord B A; produce it to C, making A C 
= J B Aj about C, with the radius C B 
= |-BA, dmw a circle; then draw the 
p. ,g straight line A D, touching the arc A B 

^' * in A, and meeting the last mentioned 

circle in D; AD will be nearly equal to the arc A R 

For a circular arc of 30® the error of this rule is about + one- 
14,400th j and it varies nearly as the fourth power of the angular 
interval 

BuLE E. From a given Pointy to set off a given Lenglh along a 

Curved Line. — In ^g. 16a, let A D be part of 
the given curve; A the given point, and A B a 
sti-aight line of the given length, drawn so as to 
touch the curve at A. In A B take A C = i 
A B ; and about C, with the radius C B = f A B, 
draw a circular arc B D, meeting the given curve 
in D. The arc A D will be very nearly equal to A B. 

Rui*B F, To reduce a "Rolled Curve*' to an equal Circular 

Arc. — Let I) £ be a base 
line of any figure, upon 
which a disc of any figure 
rolls; a point, B, in that 
disc traces a ^^ rolled 
curve," F B H. The 
rolling radius at any 
instant is the distance, 
B A, from the tracing- 
^^' ^^* point, B, to the point of 

contact. A, of the disc and base line, and is everywhere perpen- 
dicular to the rolled curve. 

Divide the whole angle through which the disc turns in describing 
the given curve by rolling, into an even number of angular inter- 
vals, corresponding to an odd number of intermediate positions 
of the disc; measure the rolling radii corresponding to those 
intermediate positions, and to the endmost positions. Multiply 
the series of rolling radii by the multipliers in Simpson's first rule 



Fig. 16a. 
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(Section I., Article 5, Bule A); add together the products; divide 
their sum by the sum of the multipliers; the quotient will be the 
iJMfjm ToUing radius. Then with the mean rolling radius describe 
a circular, arc subtending an angle equal to the total angle through 
which the disc turns in rolling; that arc will be nearly equal in 
length to the given rolled curve. 

Instances of the application of this to particular cases will be 
given in Article 3 of this Section, Bule C, and in Articles 4 and 5. 

2. Circle. — ^The incommensurable ratio of the circumference of a 
circle to its diameter is denoted by «•. The following are approxi- 
mations to its value, of various degrees of accuracy : — 

Approximate Value of r. Error, about 

3-1415926536 - + one-300,000,000,000th. 

3-141593- + one-5,000,000th. 

3-1416- + one-400,000th. 

355 

jYg- +one-l 3,000,000th. 

377 

j2^- + one-40,000th. 

360 

Yjj:g + -one-13,000tli, 

22 

y- + one-2,500th. 

For the approximate value of «• to 250 places of decimals, see 
Bierens de Haan on Befimie Integrals. 
For particular results, see Table 5. 

3. A Cfrcniar Arc may be measured by any of the preceding 
general rules, especially Rule D, page 76; also by the following 
special rules : — 

Rule A. By CalcuUuion, — Multiply 2 x by the ratio which the 
afc bears to a whole circle; the product will be the ratio which the 
arc bears to its radius. 

^ Rule B. By Construction. — ^In fig. 18, let C be the centre of the 
circle, and A B the arc to be measured. 
Bisect the arc A B in D, and the arc A D 
in E, Draw the straight tangent A F, and 
the straight secant C E F, cutting each other 
in F. Draw the straight line F B. Then 
A F + F B will be approximately equal in 
length to the arc A B. 

The error of this rule for a circular arc 
equal in length to its radius is about 
+ one-4,000th part of the length of the arc; *''^- ^** 
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Fig. 19. 



and it yaries nearly^ as the fourth power of the angle subtended by 
the ara 

Rule C. From a gvoen Point on a gwen Circle to lay off an Arc 
approximately egudl in length to a given Straight Line. — In fig. 19, 

let A be the given point, and A D part of the 

given circle. At A draw the straight tangent 

A B of the given length. In A B take A C 

= ^ A B; and abont C, with the radius C B = f 

A By draw the circular arc B D, cutting the 

given circle in I). Then the arc A D will be 

nearly equal in length to A B. 

The error of this rule for an arc equal in length to its radius is 

about + one-l,000th part of the length of the arc; and it varies 

nearly as the fourth power of the angle subtended by the arc. 

Rule D. To Construct a CvrciUar Arc nearly equal in length to a 
given Straight Line, and svbtending a given Angle, — In fig. 19, let 
A B be the given straight line. In A B, take A C = J A B; and 
about C, with the radius C B = I A B, draw a circle B D. From 
A draw the straight line A D, making the angle B A D = one- 
half of the given angle, and cutting the circle B D in D. A and 
D will be the two ends of the required arc. Then, by the usual 
method, draw the circular arc A D so as to touch A B in A, and 
pass through the point D; this will be the arc required. The error 
of this rule is the same with that of the preceding rule. 
4. £lUptic Arc. — To construct a circular arc approximately equal 

to a given arc, C Dj fig. 20, not 
exceeding a quadrant of an 
ellipse whose semi-axes O A 
and O B are given. 

In fig. 21 draw a straight 
Hue, in which take E F = O B 
and F G = O A. Bisect it in 
H; and about that point, with 
the radius H F = H K = 

O A - O B , ., . , 

7i , describe a circle. 




Fig. 20. 



Mark the points c and d in 
that circle, by laying off E c = 
OCandEc?= OD. 

Then divide the arc c d into 



an even number of equal intervals, as the case may be, and measure 
the distances from the ends of the arc and the points of division 
to G; these will be rolling radii of the ellipse, as generated by 
rolling a circle of the radius E H inside a circle of the radius 
E G, the tracing-point being at the distance H F from the centre 
of the rolling circle; multiply those rolling radii in their order by 
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Simpson's multipliers (Section I., Article 5, Rule A); divide the 
sum of the products by the sum of the multipliers; ti^e quotient 
will be the radiua of the required circvlar a/rc ^^ 




Fig. 21. 

Then in fig. 20 describe a circle about O 
through C and D draw straight lines parallel to O^^^-^u^jfig that 
circle in V and A ; join O F, O A ; and about the centre, O, with 
the mean rolling radius already found, describe the circular arc 
M N, bounded by the straight lines O F, O A ; this will be the 
required drcula/r a/rc o/pproximatdy equal to the elliptic a/rc C D. 

The circular arc may then be measured by the rules of Article 3 
of this Section. 

The following are examples of the errors of this rule, when 
applied to an entire elliptic quadrant divided into two intervals 
only. For greater numbers of intervals, the errors vary inversely 
as the fourth power of the number of intervals, or nearly so :— 



Major 

Semi-ftzia 

OA. 



Minor 

Semi-axis 

OR 



I 7071 

I '8000 

I -8660 



Eccentricity. 

7071 
•6000 
•5000 



True 

Length from 

Legendre's 

Tables. 

1-3506 
1*4184 

1-4675 



Approximate 
Length, 
by Bole. 

1-3538 

I-4195 
1-4681 



Errors, 

+ 



•0032 
-GO 1 1 
-0006 



5. Comaon Parabola.— In ^g» 16 (page 76) let A be the vertex 
of a common parabola, and A B an arc to be measured, commenc- 
ing at the vertex. 

For a rough approximation, use Rule D of Article 1 of this Sec- 
tion. For purposes of precision, proceed as follows : — 

Draw the tangent at the vertex AC, on which let fall the per- 
pendicular B C, and measure the lengths of those lines. Call A C 
the haeey and B the height. 

To the square of the height add one-fourth of the square of the 
base, and extract the square root of the sum. Call this the slopvng^ 
tangent. 

Divide the square of the base by four times the height. Call this 
the focal distance^ 
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Fig. 22. 



To the sloping tangent add the height ; divide the sum by half 
the base; take the hyperbolic logarithm of the quotient Multiply 
that logarithm by the focal distance. 

To Sie product add the sloping tangent; the sum will be the 
required arc.* 

6. CacenaiT*— In fig. 22 the horizontal straight line through O is 

the directrix of the catenary; the 
vertical line O A is its parameter, on 
which all its dimensions depend; A 
is the vertex, or lowest point of the 
curve; B another point; X B a ver- 
tical ordinate from the dii'ectrix to 
the point B; O X the correspond- 
ing abdssa, or horizontal distance 
from O. 

Rule A — Given, O A and X B; to find the arc A B. 
B^ construction : — On X B as a hypothenuse construct the 
right-angled triangle X T B, making X T = O A; then will 
T B = the arc A B. (T B is a tangent to the curve at B.) 
By calculation :— A B = J (X B^ - O A^). 
Rule B.— The area 0ABX=0AxarcAB=:2 x triangle 
XTB. 

Rule C.~Given, O A and O X, to find X B and A B. 
Divide O X by O A; find the hyperbolic antilogarithm of the 
quotient (see Table 3), and the reciprocal of that antilogarithm. 

For the ordinate X B, multiply O A by the half-sum of the 
antilogarithm and its reciprocal 

For the arc A B, multiply O A by the half-differenoe of the 
same quantities, t 

Addendum to Section I. 

A Platometer or Pianimeter is an instrument for measuring 
plane areas on paper. A point is made to travel round the 

♦ In symbols, let A C = a;, B = y, and the arc AB = «. Then 

•=V V ^ v"^47-i^yp.iog. — y-^ < 

2 
+ In symbols, let A = m; X = a;; X B = y; arc A B = s; then 

X = m' hyp. log. ^ . 

m 



area 
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boundary of the figure to be measured; and when that point has 
returned to the spot from which it started, the area enclosed by 
the boundary is indicated on one or more graduated circles. Thd 
simplest instalment of this kind is Amstler's. 

Addendum to Section IV. 

ttectilication of Carres by am Internment. — An instrument for 

rectifying curves on paper consists of a small wheel, milled, and 
sometimes spiked on the rim, and turning upon a fixed spindle 
which has a fine screw thread cut upon it. At one end of the 
spindle is a shoulder, to' limit the motion of the wheel in that 
direction. 

The wheel being made to bear against the shoulder, is placed 
with its rim resting on the commencement of the curve to be recti- 
fied. It is then made to ran along the curve in such a direction 
that, in revolving, it screws itself away from the shoulder. Having 
arrived at the farther end of the curve, it is lifted, and set down 
at a point marked on a straight line; it is then run along the 
straight line so as to revolve the contrary way, and screw itself 
back towards the shoulder. When it has returned to the shoulder 
fix)m which it started, its point of contact with the straight line is 
marked; and thus is obtained a straight line equal in length to the 
given curve. 

Section V. — Centres op Magnitude. 

By the mcignUude of a figure is to be understood its length, area, 
or volume, according as it is a line, a surface, or a solid. 

The Centre ofMagmJtvde of a figure is a point such that, if the 
figure be divided in any way into equal parts, the distance of the 
centre of magnitude of the whole figure from any given plane is 
the mean of the distances of the centres of magnitude of the several 
equal parts from that plane.* 

1. Symmetrical Figure.— If a plane divides a figure into two sym- 
metrical halves, the centre of magnitude of the figure is in that 
plane ; if the figure is symmetrically divided in the like manner 
by two planes, the centre of magnitude is in the line where these 
planes cut each other; if the figure is symmetrically divided by 
three planes, the centre of magnitude is their point of intersection ; 
and if a figure has a c&nX/re of figure (for example, a circle, a sphere, 

* The centre of magnitude of an tiniformly heavy body is the same with 
its centre of gravity; of which point mention wiU again be made farther on. 

The geometriccU moment of any figure relatively to a given plane is the 
product of its magnitude mU> the perpendicular distance of its centre from 
that plane. 

G 
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an ellipse, an ellipsoid, a parallelogram, &c.)y that point is its centre 
of miagnitadeL 

2. C o iya ad Figare. — To find the perpendicular distance from a 
given plane of the centre of a compound figure made up of parts 
whose centres are known. Multiply the magnitude of each part 
by the perpendicular distance of its centre from the given plane ; 
distinguish the products (or moments) into positive or negative 
according as the centres of the parts lie to one side or to the other 
of the plane; add together, separately, the positive moments and 
the negative moments : take the difference of the two sums, and 
call it positive or negative according as the positive or negative 
sum is the greater; this is the resultant mcymerU of the compound 
figure relatively to the given plane ; and its being positive or nega- 
tive shows at which side of the plane the required centre lies. 
Divide the resultant moment by the magnitude of the compound 
figure; the quotient will be the distance required. 

The centre of a figure in three dimensious is determined by 
finding its distances from three planes that are not parallel to each 
other. The best position for those planes is perpendicular to each 
other; for example, one horizontal, and the other two cutting each 
other at right angles in a vertical line. To determine the centre 
of a plane figure, its distances from two planes perpendicular to the 
plane of the figure are sufficient. 

3. Componnd Fi|pire of Two Parts. — ^Let a compound figure, aS 

in fig. 23, consist of two parts, and 
let their separate centres, A and B, 
be known. Draw and measure the 
straight line A B; multiply its length 
by the magnitude of either of the 
parts, and divide by the whole magni- 
tude; the quotient will be the distance 
of the centre, C, of the whole figure 
from the centre of the other part; 
and C will lie in the strai^t line 
AB. 
^'S- 23. pn symbols, let A and B denote 

the magnitudes of the parts, and A + B that of the whole figure; 

then 

. ^ BAB ^^ A'AB H 

4. Compomid Flgnre formed by Subtraction. — From the larger 

fi^nre in fig. 24, whose known centre is A, let a part whose known 
centre is B be taken away. Draw and measure the straight line 
B A The centre, C, of the remaining figure will lie in B A, pro- 
duced beyond A To find the distance A C, multiply B A by the 
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magnitude of the part taken away, and divide by the magnitude of 
the remaining figura 

[In symbols^ let A be the magnitude of the original figure, 
B that of the part taken away, and A ~ B that g£ the remaining 
iigura Then 



CA 



BB A"l 



5. Figne ChBMgcd by SUIIiiic a Part.^In fig. 25 let O be the 

iginal position of ike centre of a figure; let the figure be changed 




Kg. a*. Fig. 25. 

in shape, but not in magnitude (from the dotted outline to the 
plain outline), by shifting part or it; and let A be the <»iginal 
position, and B the new position of the centre of the part shifted. 
Draw and measure the straight line A B. Through draw C D 
paralldl to and pointing in the same direction with A B; and 
make 

p P^ _ A B X magnitude of part shifted ^ 

~ magnitude of whole figure * 

D will be the new position of the centre of the figure. 

6. Am7 Pkue Ana.— To find, ^proximately, the centre of any 
plane area. 

Bulk A. — ^Let the plane area be that represented in ^g, 3 (of 
Section I., Article 5, preceding). Draw an axis, A X, in a con- 
venient position, divide it into equal intervals, measure breadths at 
the ends and at the points of division, and calculate 1^ area, as 
in Section I., Article 5, 

Then multiply eadi breadth by its distance from one end of the 
axis (as A); consider the products as if they were the breadths of 
a new figure, and proceed by the rules of Section L, Article 5, to 
calculate the area of that new figure. The result of the operation 
will be the Tnoment of the original figure relatively to a plane per- 
pendicular to A X at the point A. 
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Divide the WMrvemi by the a/rea of the original figure; the quotient 
will be the distance of the centre required from the plane perpen- 
dicular to A X at A. 

Draw a second axis intersecting A X (the most convenient 
position being in general perpendicular to A X), and by a similar 
process find the distance of the centre from a plane perpendicular 
to the second axis at on6 of its ends; the centre will then be 
completely determined. 

Rule B. — If convenient, the distance of the required centre 
from a plane cutting an axis at one of the intermediate points of 
division^ instead of at one of its ends, may be computed as follows : — 
Take separately the moments of the two parts into which that 
plane divides the figure; the required centre will lie in the part 
which has the greater moment. Subtract the less moment from 
the greater; the remainder will be the resultant moment of the 
whole figure, which being divided by the whole area, the quotient 
will be the distance of the required centre from the plane of 
division. 

Bemabk. — ^When the resultant moment is = 0, the centre is in 
the plane of division. 

BuLE C. — ^To find the perpendicular distance of the centre from 
the axis A X. Multiply each breadth by the distance of the 
middle point of that breadth from the axis, and by the proper 
** Simpson's Multiplier" (Section I., Article 5); distinguish the 
products into right-handed and left-handed, according as the middle 
points of the breadths lie to the right or l^fb of the axis; take 
separately the sum of the right-handed products and the sum of 
the left-handed products; the required centre will lie to that side 
of the axis for which the sum is the greater; subtract the less sum. 
from the greater, and multiply the remainder by ^ of the common 
interval if Simpson's first rule is used, or by f of the common 
interval if Simpson's second rule is used; the product will be 
the resultant moment relatively to the axis A X, which, being 
divided by the area, the quotient will be the required distance 
of the centre frt>m that axis.* 

7. Any 8«iid. — To find the perpendicular distance of the centre 
of magnitude of any solid from a plane perpendicular to a given 
axis at a given point, proceed as in Bule A of the preceding 
Article to find the moment relatively to the plane, substituting 

* The mlee of this Artdole are expressed in symbols as follows : — ^Let x and 
y be the perpendicular distances of any point in the plane area from two 
planes perpendicular to the area and to each other, and xq and yo the per- 
pendiciuar distances of the centre of magnitude of the area from tiie same 
planes; then 

(A) ^^i^i^M; (B) y. = >^M£^ 
JJdxdy JJdxdy 
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sectional areas for breadths; then divide the moment by the volume 
(as found by Section III., Article 5); the quotient will be the 
required distance. 

To determine the centre completely, find its distances from three 
planes, no two of which are parallel. In general it is best that 
those planes should be perpendicular to each other. 

8. Any Carred liine. BuLE A. To Jvnd oj^proximately the 
Centre of Magnitvde of a very 
Flat Curved Line, — In fig. 26 let 
A D B be the arc. Draw the 
chord A B, which bisect in C; 
draw C D (the deflection) perpen- 
dicular to A B; make D E = J C D; E will be the centre, 
nearly. 

For an arc of a cycloid, with the chord A B parallel to the base- 
line, this rule is exact. For a flat circular arc subtending a degrees, 
D E is too small by the fraction ^q^^q of its length, nearly. 

HuLE B. — When the Cwrved Line is not very flat, divide it into 
very flat arcs; find their several centres of magnitude by Rule A, 
and measure their lengths by one of the rules of Section IV., 
Article 1; then treat the whole curve as a compound figure, 
agreeably to the rules of Article 2 of this Section. 

9. Special Figares* I. TRIANGLE (fig. 27). — ^From any two of 
the angles draw straight lines to the middle 

points of the opposite sides; these lines will 
cut each other in the centre required; — or 
otherwise, — ^from any one of the angles draw 
a straight line to the middle of the opposite 
side, and cut off one-third part from that line, 
commencing at the side. 

IL QuADRiLATEBAL (fig. 28). — Draw the two diagonals A C and 
B D, cutting each other in K If the 
quadrilateral is a parallelogram, E will 
divide each diagonal into two equal parts, 
and will itself be the centi*e. If not, one 
or both of the diagonals will be divided 
into unequal parts by the point E. Let 
B D be a diagonal that is unequally 
divided. From D lay off D F in that 
diagonal = B E. Then the centre of 
the triangle F A C, fouud as in the 
preceding rule, will be the centre required. 

III. Plane Polygon. — Divide it into triangles; find their 
centres, and measure their areas; then treat the polygon as a com- 
pound figure made up of the triangles, by the rules of Article 2 of 
this Section. 




Fig. 27. 




Fig. 28. 
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rV. Prism, oe Cylindee with Plake Parallel Ends. — Find 

the centres of the ends; a sia:uight line joining them will be the 

axis of the prism or cylinder^ and the middle point of that line will 

be the centre required. 

V. Tetrahedron, or Triangular Pyraiod {^g. 29). — Bisect 

Bsiy two opposite ed^es, as A D and 
B C, in E and F; join E F, and 
bisect it in G; this point will be the 
centre required. 

VI. Any Pyramid or Cone 
with a Plane Base. — Find the 
centre of the base, from which draw 
a straight line to the summit; this 
will be* the axis of the pyramid or 
cone. From the axis cut off one- 
F»fr 29. fourth of its length, banning at 

the base; this will give the centre required. 

VIL Any Polyhedron or Plane-paced Solid. — ^Divide it 
into pyramids; find their centres and measure their volumes; then 
treat the whole solid as a compound figure, by the rules of Article 
2 of this Section. 

Yin. Truncated Pyramid or Cone. — ^Find the respective 

volumes and centres of magnitude of the entire pyramid or cone, 

and of the part cut off; then find the centre of the remaining part 

by the rule of Article i of this Section. 

IX. Circular Arc. — In £^g, 30 let A B be the arc, and C the 

centre of the circle of which it is part. 
Bisect the arc in D, and join C D and A B. 
Multiply the radius C D by the chord A B, 
and divide by the length of the arc A D B; 
lay off the quotient C E upon C D; E 
will be the centre of magnitude of the 
arc. 

X. Circular Sector, C A D B, Gg. 30. — 
Find C E as in the preceding rule, and 
make C F = | C E; F will be the centre required. 

XL Sector op a Plane Circular Bing. — In ^g, 31, let C B be 
the outer, and C A the inner radius of the ring. Divide twice 
the difference of the cubes of the outer and inner radii by three 
times the difference of their squares; the quotient will be mi inter- 
mediate radius, C D, with winch describe an arc, D E, subtending 
the same angle with the sector. The centre of magnitude, F, of 
the arc D E, found by Kule IX. of this Article, will be the centre 
required. 

XII. Circular Segment, A D B, fig. 30. — Find the respective 
centres of magnitude of the sector C A D B, and the triangle 




Fig. 80. 
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CAB, wWch, being taken from the sector, leaves the segment; 
then, by the rule of Artide 2 of this Section, find the centre of 
Biagnitude of the s^ment. 





Fig. 82. 

XnL Parabolic Half-Segment. — In fig 32 O A B represents 
a half-segment of a parabola ; O A being part of a diameter parallel 
to the axis, and A B an ordinate conjugate to that diameter — ^that 
is, parallel to a tangent at O. Make O D = f O A, and draw 
D C parallel to A B and = f A B; C will be the centi^ of magni* 
tude of the half-segment. 

10. Centm FookA by PitniBci Prig«ctfoii. — By a parallel pro- 
jection of a plane figure, or of a solid, is meant a figure resembling 
the original figure, but transformed by having its dimensions in 
one or more directions altered in given proportions, or by distortion ; 
subject to the limitation — thai to every set ofpa/raUel straight lines, 
bearing given proportions to each other in tlie original figv/re, there 
shaU correspond a set of pa/ralld straight lines in the new figure, 
hearing the samve proportions to each other. For example, — ^all 
triangles are pai'allel projections of each other.; so are all triangular 
pyramids ; so are all circles and ellipses ; so are all spheres, spheroids, 
and ellipsoids; so are all circular and elliptic cylinders; so are 
all cones. 

ItuLE. — The centre of jnagnittide of a pkme or solid figv/re, which 
is derived by paa'alld projection from amjother figure, is the parallel 
projection ofihe centre of magnitude of the original figure. 

Bemark. — ^It is to be observed that this rule apj^es neither to 
curved lines nor to curved sur£sU3es, but only to plane areas and 
to solids. 

Example. — JEUiptic Sector, O C D', ^g. 33. Let O be the centre 
of the whole ellipse; A O A its greater, and B' O B' its lesser axis. 
About O, with the radius O A, describe a circle, A B A B. This 
will be a parallel projection of the ellipse.* Through C and D' 
draw E C C and F D' D parallel to O B, cutting the drde in 

* Becaxise ev^y ordinate of the ellipse, sach as X Y*, parallel to^ O B', 
hears a constant proportion to the corresponding ordinate X Y of the cirde— 
viz^thatofOFrOB. 



88 



NUMBERS AND FIQUBES. 



C and D; join O C, O D; the circular sector O C D will be a 
parallel projection of the given elliptic sector. Find, by Kule X 

of Article 9, the centre of magni- 
tude, G, of the circular sector; and 
through it draw G H parallel to 
B O. Then 

O B : O B' : : H G : H G'; 

and G' will be the centre of mag- 
nitude of the elliptic sector. 

11. Tolnme Swept by a IJlOTiiig 

Plane. — Let the centre of magni- 
tude of a plane figure move along 
any path, straight or curved, and 
let the plane figure at every in- 
stant be perpendicular to the 
direction of that path ; the volume 
of the space swept through by the plane figure is the product of tho 
area of that figure into the length of the path of its centre. 

If any part of the plane figure moves backwards, the volume 
swept by that part is to be subtracted from the volume swept by 
the part that moves forwards, in estimating the volume swept by 
the whole figure. 
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Addendum. 
Table 7. — Regular Polygons. 



No. 

of 

Sides. 



3 

4 

5 
6 

7 
8 

9 

ID 
II 
12 

13 

14 

15 
i6 

20 
24 



Name. 



Side =: X. 



Triangle, orTrigon, 
Square, or Tetragon, 

Pentagon, 

Hexagon, , 

Hept^on, 

Octagon, 

Enneagon, 

Decagon, 

Hen(^agon, 

Dodecagon, 

Decatrigon, 

Decatetragon, 

Decapentagon, 

Deca^xagon, 

Icosagon, 

Icositetragon, 



Semi-diameter = x. 



Semi- 
diameter. 


Area. 


Side. 


0-5774 


0-4330 


1-73205 


07071 


i-oooo 


1*41421 


0-8507 


1 7205 


1*17557 


I'OOOO 


2-5981 


1*00000 


1 1524 


3*6339 


0*86777 


I -3066 


4-8284 


0*76537 


I '4619 


6-1818 


0-68404 


I -6180 


7-6942 


0*61803 


1 7747 


9-3656 


0*56347 


1-93x9 


II -1962 


0-51764 


2-0893 


13*1858 


0-47863 


2-2470 


15-3345 


0*44504 


2 -4049 


17-6424 


0-41582 


2-5629 


20*1094 


0*39018 


3-1962 


31-5688 


0-3x287 


38306 


45*5745 


0-26105 



Area. 



1*2990 
2*0000 
2-3776 
2*5981 
2*7364 
2-8284 
2-8925 
2 9389 

2*9735 
3*oooo 

3-0207 

3-0371 

3*0505 
30615 
3-0902 
3-1058 
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The semi-diameter is measured from the centre of the polygon 
to an angle. 

To find the Side of a Regvlar Decagon by Construction. — ^In £g, 
34 let A B be the semi-diameter of the 
decagon. Draw B C perpendicular to A B, 
and = ^ A B; join A C, from which cut 
oflf C D = C B; A D will be the side 
required. 

To find, vert/ njea/rly, the Side of a Regvla/r 
Heptagon by Construction, — In ^g, 35 let 
A B be the semi-diameter of the heptagon. 
Draw the equilateral triangle A C B. Divide 
A B into 200 equal parts, and take the point 
D at 89 of those parts from one end, and 111 
from the other end of A B. Join C D ; this 
will be very nearly the side required, the error 
being practically inappreciable. 




Fig. 34. 




Table op Rhumbs (see next page). 



Points. Angles East 

32. N., 360° 00' 

31. K6.W., 348 45 

30. N.N.W., 337 30 

29. N.W.6.N., 326 15 

28. N.W., 315 00 

27. KW.6.W., 303 45 

2Q. W.KW., 292 30 

25. W.6.K, 281 15 

24. W., 270 00 

23. W.6.S., 258 45 

22. W.S.W., 247 30 

21. S.W.6.W., 236 15 

20. S.W., 225 00 

19. S.W.6.S., 213 45 

18. S.S.W., 202 30 

17. S.6.W., 191 15 

16. S., 180 00 



of North. 

0° 00', 0. 

11 15, 1. 

22 30, 2. 

33 45, 3. 

45 00, 4. 

m 15, 5. 

67 30, 6. 

78 45, 7. 

90 00, 8. 

101 15, 9. 

112 30, 10. 

L^O *kO y... .11. 

135 00, 12. 

14v) 10,. ...........lo. 

157 30, 14. 

168 45, 15. 

180 00, 16. 



Points. 

N. 

N.6.R 

N.N.E. 

KE.6.K 

N.E. 

N.E.6.K 

E.N.K 

K 
£L6.S. 

KS.E. 

'S.K 
S.Ei.6.S. 

S.6.E. 

a 



Quarter-point, =2° 48' 45" 

Half-point, =5 37 30 

Three quarter-points, = 8 26 15 
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MEASUBES. 

Section I. — ^Measubes of Angles. 

1. The Bezagesimai Systeui of angular measurement is as follows : — 
1 revolution = 4 right angles = 360 d^rees; 1 degree = 60 
minutes; 1 minute =: 60 seconda Seconds are usually subdi- 
vided into decimal fractions. As to cvrcvlar measti/rej see Table 4 
in the preceding part of this work. 

2. The Naacicai or Biliary system used in the Mariner's compass 
is as follows : — 1 revolution = 32 points, each divided into halves 
and quarters; 1 point = ll:i degrees (see preceding page). 

3. The Cenieaiiiial System of angular measurement is as follows : — 
1 revolution = 4 right angles = 400 grades; 1 grade = 100 
minutes; 1 minute = 100 seconds. This system is found in some 
French works published towards the beginning of the nineteenth 
century, but is now little used. 

Section II. — Measures op Time. 

1. sidereal Day. — The standard imit of time is the SiDiOEtEAL Day, 
being the period in which the earth turns once round on its axis. 
It is divided into sidereal hours, minutes, and seconds; but these 
measures of time are used by astronomers only. 

2. JHean Solar Time.— A SECOND is the time of one swing, of a 
pendulum adjusted so as to make 86^164*09 swings in a sidereal 
<lay. Seconds are usually subdivided decim^y. 

One MINUTE = 60 seconds. 
One H0X7B = 60 minutes = 3,600 seconds. 
One MEAN SOLAR DAT = 24 hours = 1,440 minutes = 86,400 
seconds = 1*00273791 sidereal day. 

« 

3. Yearfc— One TROPICAL YEAR = 365 days 5 hours 48 minutes 
49*7 seconds mean solar time, = 36^*24224 mean solar days, 
nearly. 

One COMMON tear = 365 days. 
One LEAP TEAR = 366 days. 
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Years of ate Gregorian Calendar. Days. 

Number of year in the Christian Era — 

Not divisible by 4 without remainder, ...365 

Divisible by 4, but not by 100, 366 

Divisible 1^ 100, but not by 400, 365 

Divisible by 400 [but not by 4,000],* 366 

[Divisible by 4,000, 365] * 

4. iNMest CiTii MMi AatTMioaticaL — ^The civil day is held (in 
"Western Europe and in America) to commence at midnight. The 
astronomical day commences at noon of the civil day having the 
same designation; that is, twelve hours later than the civil day. 
The dvil year is held to commence at midnight of the 31st of 
Deo^nber of ihe year preceding; the astronomical year commences 
at noon of the 1st of January of the civil year. 

5. WalnftoM iMtweeM Time and JLongitiide. — At any given instant 

the mean solar time at two stations differs by an amount proportional 
to their difference of longitude, the time at the eastern station 
being the lat^. 

COBBESPOITDINa DUTEBENOES. 



Longitude. 


Time. 


liOngitode. 


Hme. 


15" 


I second. 


75^ 


5 hours. 


i' 


4 seconds. 


90 


6 y, 


15' 


I minute. 


105 


1 „ 


x' 


4 minutes. 


120 


8 „ 


^f 


I hour. 


135 


9 yy 


30 


2 hours. 


150 


10 „ 


46 


3 y> 


165 


II „ 


60 


4 yj 


180 


12 „ 



To show the exact date of any event, the meridian at which the 
time is reckoned must be specified. 

It is customary for civil and commercial purposes to reckon time 
at all places throu^out Britain as for the meridian of Greenwich; 
loeid mean solar time being found for scientific purposes, when 
required, by calculation. 

At stations dose to the two sides of the meridian of 180° there 
is necessarily a difference of a whole day in the dates corresponding 
to the same real instant, the date at the western side of that 
meridian being the later. The position of the meridian of 180° is 
purely arbitrary, dependiDg oh the position aasumed for the meri- 
dian of 0°, which is different in each different naticm. 

6. DHiaioBs mt fhe Tear. — Intervals in days from the beginning 
of the first day of January to the beginning of the first day of each 
of the other calendar months : — 

* The rules in brackets are an improvement proposed by Sir John Henchel, 
which cannot come into operation until a.d. 4000. 
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Common Year. Leap Year. 



Ck>mmonYear. Leap Year. 



O 

31 

60 

121 
152 



July, 

August,.... 
September, 
October,... 
November, 
December, 



181 
212 

243 
273 
304 
334 



182 
213 
244 

274 

305 
335 



month is four weeks, or twenty-eight 



January,... o 

February,.. 31 

March, 59 

April, 90 

May, 120 

June, 151 

A so-called "lunar" 
days.* 

Section III. — Measures op Length. 

1. The British Standard Tard is the distance, at the temperature 
of 62° Fahrenheit, between two mai'ks on a certain bar which is 
kept in the office of the Exchequer, at Westminster.t 

2. The French metre is {{|88 §- of the distance, at the tempera- 
ture of 13° Elaumur (see pages 105, 106V between the ends of a 
certain bar, called the "Toise of Peru" (see pages 93, 94), and is 
approximately one ten-millionth part of the distance from one of 
the earth* s poles to the equator. J The use of this measure, and 
others founded on it, is lawful in Britain, and a copy of the 
standard metre is kept in the Exchequer office. 

3. British measures of liength. — 



Inch § 

Hand 

Foot 

Yard 

Chain 

Furlong 

Mile 



IncheB. 
I 

4 
12 

36 

792 

7,920 
63,360 



Feet 

= A = 

I 

3 

66 

. 660 
5,280 



Tarda. 
1 

1 

h 

I 

22 

220 

1,760 



Statute Milea Metres. 

= TrgrfFXT = 0-02539977 
0-10159907 

030479721 
091439180 

20-11662 
201*1662 
1,609*3296 



ttVtt 



The Inch is subdivided — 

By artificers, sometimes into 12ths, or lines, but more 

commonly into binary divisions, as halves, quarters, 8ths, 

16ths and 32ds. 
By mechanical engineers, into decimal divisions, as lOths, 

lOOths, l,000ths, and 10,000ths. 

* A mean lunation, or real lunar month, is approximately 29i, or more 
exactly, 29 '53059 mean solar days ; 235 lunations nearly = 19 years, — a period 
called a lunar or Metonic cycle, 

f See ''Weights and Measures Act," 1855. Official copies of the standard 
yard are kept at the Royal Mint, London, the Eoyal Observatory, Greenwich, 
the Booms of the Boyal Society of London, and the Palace of Westminster. 

t The distance from the pole to the equator is not exactly the same on 
dififerent meridians, (see pa^e 117). 

§ An inch is almost exactly one 500,500,000th part of the earth's polar 
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The Hand is used for heights of horses and girths of spar& 

The Foot is subdivided decimally by civil engineers. 

The Yabd, in Cloth Measure, is subdivided binarily, into 

halves, quarters, half-quarters, and naUs, or 16ths of a 

yard. An English Ell is 1^ yard, or 45 inches. 
The Chain, in Land Measure, is subdivided into 4 poles or 

perches (each of 5^ yards) and 100 links (each of 7*92 

inches). 
A Fathom is two yards. 

The Geographical, Nautical, or Sea Mile, or EInot, depends 
on the dimensions of the earth, which are known approximately 
only. The following are estimates of its value : — 



Mean length of one minute of 
longitude at the equator; 
being the nautical mile by 
Admiralty Eegulation, 

Mean length of one minute of 
latitude, J 



F««t ®MiSf® Metres 

'^^"ly- iSfr^. "^^^ly- 

6,o86 1-1527 1,855 



6,076 I '1508 1,852 



A League is three nautical miles. 

The nautical mile is sometimes subdivided into 10 cables and 
1,000 foUJuyms'y the fathom thus obtained being about one-80th 
part longer than the common fathom. 

4. Frcmcli metrical TSKeawmmm mf lieagth. — 

Ifotres. British Measnres. 

Millimetre, cooi = 0*03937043 inch. 

Centimetre, o'oi 

Decimetre, ot 

Metre, ( = mK* Toise), i =3-2808693 feet. 

Decametre, 10 

Hectometre, 100 

Kilometre, 1,000 = 0*6213768 mile. 

Myriametre, 1 0,000 

The [French mBi^= British nautical mile. 
Log. feet in a metre = 05 159889356. 

5, Old Scottish and Irish measures of licngth. — 

The Irish Perch = 7 yards = ff^ imperial perch. 

The Irish Mile = 320 Irish perches = 2,240 yards = ^ 

statute mile. 
The Scottish Inch = 1*0162 imperial incL 
The Scottish Ell = 37 Scottish inches = 37*06 imperial inches 

= 30883 imperial feet. 
The Scottish Fall = 6 Scottish ells = 18*53 imperial feet. 
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The Scottish Mile = 320 falls =1,920 ells = 5,929*6 imperial 

feet s= 1*123 statute mile. 

Each of those miles was divided into 8 furlongs, and 80 
chains. 

As to Scottish measures, see Buchanan's Weights and Measures, 
Edinburgh, 1829. 



United States, as in Britain. 
India — 
Hathorhant (cubit), 

Ooss (mile) = 4,000 cubits,... 

Rfssia — 

Foot = 12 inches, 

Sa^en or sag^ne, 

Verst (500 sashen), 

Prussia, Denmark, Norway— 

Foot = 12 inches, 

Ruthe (rod) = 12 feet, 

Mile = 24,000 feet, , 

Austria — 

Foot =3 12 inches, 

Klafter = 6 feet 

Mile = 24,000 feet, 

German geographical mile, .... 

German sea-mile, 

Sweden — 

Foot =3 12 inches, 

Fathom = 3 ells =» 6 feet,... 

Mile s 6,000 fathoms, 

Netherlands — 

Palm, 

El, 

Myle, 

Belgium, Italy, Portugal, 

Spain — ^French Metric Mea 

sures. 
China — 

Chih(foot), 

Chang = 10 chih, 

11= 180 chaia^, 

Old French foot = 12 inches = 

144 lines, 

Old French Toise = 6 feet, 



British MeasureBi 

iS inches. 

!6,ooo feet. 
= I '136 stat mile. 

I foot. 
7 feet. 
3,Soo „ 

I '02972 foot 
12*35664 feet. 
(24, 713 28 
( = 4*6806 stat. miles. 



1*03713 foot. 
6*22278 feet. 

J 24,891*12 „ 

} =4*7142 stat. miles. 

4 gec^aphical miles. 

I geographical mile. 

0*97410 foot. 

5*8446 feet. 
S 35»o67'6 
( = 6*6116 stat. miles. 

3-937043 inches. 
3*2808693 feet. 

\ 3,280-8693 ^„ „ ., 
( =0*6213768 Btat.miL 



Metres. 



0-4572 
^ i,8a8'8 

0*3048 
2*1336 
1,066*8 

0-31385 
3*7662 

} 7,532-4 

0*31611 
1*8966^ 

} 7,586-64 

7,408 nearly. 
1,852 nearly. 

0-2969 
1*7814 

} 10,688-5 



I -054 foot. 
10*54 feet 



} 



OT 

i*o 



1,000 



51,897 feet. 
= 0* 

! 



3593 stat. mile. 
I -0657556 foot. 



} 



0-32125 
3*2125 

578-25 

0-32483939 
1-94903632 



6*3945335 ^»t- 
Log. feet in a toise, 0*8058088656. 
For the measures of length used in various States of Germany, 
see der Ingenieur, by Dr. Julius WeisbacL ' ' 
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Section IY. — ^Measures op Area. 



1. Brftlili nieasiires mf 



Used nr Scienci ani> in Enoi- 

NIBBING — 

Sq. inch (decimally subdivided), 

lioot X linch, 

Square foot (decimally or duo- 

decimally Bubdivided), 

Square yard, 



Square mile, -•.••^•t» 

Land Measure — 

Pen^ 

Sq. cliain (= 10,000 sq. links), ... 

Bood = 40 perches, 

Acre = 4 roods = 10 sq. chains, 
Used in the Arts — 

Square (of roofing or flooring), 

Rood (flEtce of masonry), 

Bod (face of brickwork), 



Sq. Xhchea 


Sq,VWL 


Sq. Metrea 


I 

12 


1 

17 


©•000645148 
0-007741775 


y 144 


I 


ox)929oi3 


Sq. Yirda 
3,097,600 


9 

27,878,400 


0-836112 
2,589,941 


484 
1,210 

4,840 


272} 

4»356 
10,890 

43»56o 


25-292 

404*678 

1,011-696 

4,046*782 


... 

36 

••• - 


100 

324 
272 


9-29013 
30'i 
25269 



2. Vweneh metric Memm^rtm of 



Science Spiid 
Enj^eering. 

Sq. millimetre,... 
Sq. centimetre,.. 
Sq. decimetre,... 

Sq. metre, = 

Sq. decametre, = 

Sq.hectometre^ = 



Land. 



Milliare, 

Centiare, 

Deciare, 

Are, 

Decare, 

Hectare, 



Square Metres. 

o-oooooi 
o-oooi 

O'OI 
O'l 

i-o 

10 

100 

1,000 

10,000 



British MeasuresL 

=0-00155003 8^. inch. 
0*155003 8^. mch. 
15*5003 sq. inches. 
1*07641 sq. foot. 
10-7641 sq. feet. 
107*641 sq. feet. 
1,076*41 sq. feet. 
10,764-1 sq. feet 
1107,641 sq. feet=2-47ii acres. 



3. 0UL Sc«tti«h and Irish liand IHeasares. — Irish aCTO = 4 roods =» 

196 

160 perches = 70,560 square feet = Yo7, or 1-6198 imperial acre. 

Scottish acre = 4 roods=160 falls = 54,937 square feet=l-2612 
imperial acre. 

4. TarloasllIennnres«f Area.-— 



United States, as in Britain. 
Russia — 

Square foot =144 square in.,. 

Square sashen =49 square ffc., 

De8satme= 2,400 sq. sashen,. 



British HeasorefL 

I square foot. 
49 square feet. 
\ 117,600 „ 
( =2-69977 acres. 



Square Metres. 



Ijio. 



OT)929oi3 
4-55217 



925 
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Vabious Measubes of Area — continued. 



Prussia, Denmark, Norway — 
Square foot = 144 square in.,. 
Square ruthe = 144 square fb., 

Morge]i=180 square ruthen, 

Austria — 

Square fb. = 144 square is. , . . . 
Square klafter = 36 square ft., 

Jocli= 1,600 square klafter,... 

Sweden — 

Square ft =144 square in.,... 

Tunnland=56,000 square ft, 

Netherlands — 
Square el, 

Bunders 10,000 square el,.... 

Belgium, Italy, Portugal, 
Spain — French Metric Mea- 
sures. 

Old Frencli square foot = 144 
square inches, 



BrillBh Measures 

1*06033 sq. foot. 
152-6875 sq. feet. 

27,48375 >, 

=0*63094 acre. 

1*07564 sq. foot 
38*723 sq. feet 

61,957 „ 

= 1*47366 acre. 

0*94887 sq. foot. 
53,136*72 sq. feet 
= 1*21977 acre. 



S 53,13 



{ 



10*7641 sq. feet 
107,641 „ 

=2*47x1 acres. 



1*1358 sq. foot. 



Square Metres. 

ox)985o 
141*85 

]■ 2,553*3 

0*09993 
3*5975 
} 5,756 

ox>8Si5 
} 4,936-4 



} 



IXXXXX) 
10,000 



0*10552 



Section V. — Solid Measures. 



1. BritMi Solid meararea.— ' 



Cubic inch (subdivided decimally), 

1 footxl inchxl inch, 

1 footxl footxl inch, 

Cubic foot (subdivided decimally or 

Duodecimally, 

Cubic yard, 

Load of hewn timber, 

Rood of masonry (=36 square yards 

face X 2 feet thick), 

Bod of brickwork (= 272 square feet 

face X 134 inches thick), 

Ton of displacement of a ship, 

Ton registered of internal capacity of 

a ship,. 

Ton, shipbuilders' old measurement,... 



CabicInclieB. Oabicft 



ttVb 



27 
50 

648 
306 

35 
100 

94 




Cubic Metres. 

0*0000163157 

0*00019664 

0*0023597 

0*0283161 

0764534 
I4158 

18-35 

8*665 
0*9910624 
2*83161 
^•66 1 7 
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2. — ^Frencli Metric Solid IXIeasares. — 



Science and 
Engineering. 

Cabio millimetre. 
Cubic centimetre, 
Cubic decimetre = 



Cubic metre = 



Cubic decametre =. 



Trade. 



MUlistere, 
Centistere, 

Decistere, 

Stere, 
Decastere, 
Hectbstere, 
Eilostere, i,ooo 



Cubic Metrea 

0*000000001 
O'OOOOOI 
O'OOI 
O'OI 

0*1 

I'O 
lO 
lOO 



British Measurea 

010000610254 cubic in. 
0*0610254 
61*0254 
610*254 
}6,io2*54 

( =3*53156 cubic feet. 
35*3156 
353*156 
3» 53 1*56 
35.315*6 ,1 



9i 



>» 



it 






3. Tarioas Solid Measures. — 

United States, as in Britain. 

Russia, cubic foot, 

Fbussia, Denmark, Norway, cubic ft., 

Austria, cubic foot, 

Sweden, cubic foot, 

Netherlands, cubic el, 

Belgium, Italy, Portuqal, Spain — 

French metric measures. 
Old French cubic foot, 



Britiah Cubic Feet 

I* 

I '09x84 

I-II557 
0*9243 

35*3156 



I '2105 



Cubic Metres. 

00283 161 

0*03092 

0*03159 

0*02617 

1*00000 



Norway, last (of ship's displacement) = 2i British tons, nearly. 



0*03428 



Section VI. — Measures op Weight. 

1. The Standard Pound Aroirdnpois is the weight, at the temper- 
ature of 62** Fahrenheit, and under the atmospheric pressure of 
30 inches of mercury, in the latitude of London, and at or near 
the level of the sea, of a certain piece of platinum which is kept in 
the Exchequer Office at Westminster. 

2. The Standard Kilogramme is the weight, at the temperature 
of the maximum density of water (about 4° Centigrade), and under 
the atmospheric pressure of 760 millimetres of mercury, in the 
latitude of Paris, of a certain piece of platinum which is kept in 
the French Archives. The use of weights founded on this standard 
is lawful in Britain, and a copy of it is kept in the Exchequer 
Office.* 

In the tables of the following articles the relative values of the 
pound avoirdupois and kilogramme are taken from Professor 
Miller's paper "On the Standard Pound" in the FhUosophioai, 
Transactions for 1856. 

* The kilogramme was at first intended to be the weight of a cubic 
decimetre of pure water at its maTimnm density; but it is in fact some* 
what greater. 

H 



OS 
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3. British measares of "WeAgkU — 

Graizua. 

Avoirdupois Weight— 

Onnce = 16 drams, 

Pound = 16 oiinces, 

Stone, j* 

Quarter = 2 stone, 

Cental, ^ 

Hundredweight = 8 stone 

Ton = 20cwt, 

Trot and Apothecabibs' 
Wbiqht — 

Grain, 

Scruple (Apoth.), 



Pennyweight (Troy), 

Drachm (Apoth.) = 3^ 

scruples, f 

Ounce = 20 dwt. V 

= 8 drachms, . j 

Pound = 12 oz., 

Diamond Wkight— 

Diamond crain, 

Carat = 4 mamond grains, 



27-34375 

437*5 
7,ooo 

Ton. 

0*00625 

0*0125 

0*05 
I 



14 

2S 

100 

112 

2,240 



Grain& 

I 
20 

24 
60 



480 
5.760 



0*8 
3.2 



A;roirdapoiii 

0*00390625 

0*0625 

I 



TTnnr 
000285714 

0*003428571 
000857143 

ox)6a57m3 
0*82285714 






4. Frencli metric newnnres of Weiglit^^- 

Grammea 



O'OOI 

0*01 
0*1 

i*o = 

10 

100 

1,000 = 

10,000 

100,000 

1,000,000 := 



Milligramme, 

Centignunme, 

Decigramme, 

Gramme, 

Decagramme, 

Hectogramme, 

Kilogramme, 

Mynanramme, 

Qnint^ 

Tonneau (in shipbuild-V 
ii]«) or millier, f 

5. Tarioaa Mcawnw of ITei^it. — 

United States, as in Britain, with the 
following exception: — 

Quintal, 

BussiA— 

Pound =: 32 loth » 96 solotnik, 

Berkowitz = 10 pud = 400 pounds,... 
German Zollyerein, Denmark, Nor- 
way — 

Pound, 

Centner = 100 pounds, 

Austria— 

Pound = 32 loth, 

Centner = 100 pounds, 



GranuneB. 

1-7718465 

38*3495408 

453:5926525, 

6,350*297135 

12,700*59427 

45.359*26525 
5o,8o2*377<:^ 
1,016,047*5416 

* 

0*06479895 

1-295979 

1*5551748 

3*887937 

3i'i03496 
373*241952 

0-05183916 
0*20735664 



British Measures. 



15*43234874 gi»m* 

... 
••• 
2*20462125 lbs. aYoirdupQi& 

... 

... 

0*9842059 ton. 



British Mte8iire& 
100 lbs. 

0*90283 
361*132 



1*10231 
110*231 

1*2346 
123*46 



Grammes. 
45,359-26525 

409*52 
163,808* 



500- 
50,000* 

560*013 
56,001*2 
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Various Measures op Wexohx— con^stutfdL 

Sweden— British Measures. 

Skalpund = 32 loth, 0-9377 

Skeppund = 400 skalpund,, 37S*o« 

Netherlands — 

Pond = 10 Oncen= 100 Loaden=: 1,000 

Wigljes, 

Belgium, Italy, Spain, Portugalt— 

French Metric Measures. 
China — 

Gin or Catty = 16 tael or lyang,.. ...... 

Picul = 100 catties, 



j- 2*20462 



i^ lb. avoir. 



Grammes. 

425*3395 
I7«M35*» 

i,ooa* 



60479 
60,479. 



Section YII. — Measures op €apacitt. 



1. The SMNidard daHim is the Tolume of 10 lbs. avoirdupois of 
pure water, at the temperature of 62° Fahrenheit, and under the 
atmospheric pressure of 30> inches of mercury.. At that tempera- 
ture the volume of water is 1*001113 times its minimum volume. 

2. The Standard liiire is the volume of a kilogramme of pure 
water, at its temperature of maximum density (about 4^ Oentigrade), 
and imder the atmospheric pressiu*e of 760 millimetres of mercury. 
It was originally intended to be a cubic decimetre, but is actually 
somewhat greater. 

3. IMtiaii JHeaMUFCs mi Capacity* — 



GiU, 

Pint 

Quart = 

Pottle = 

Gallon = 

Peck = 

Bushel =3 

Quarter = 



4 gills, 

2 pints,.... 
2 quarts,.. 

2 pottles, . 

2 gallonB, . 
4peck8i... 
8 DUBfaelS) 



Ganons. 

0-03125 
0*125 
0-25 
0-5 



I'O 



{ 



2 
8 
64 



BrittA Solid TOsBtm^ 
nearly. 

8*660 cub. inches. 
•34-640 
69*280, 
138*5615 
277*123 

=0*160372 cub. foot 
0*320744 „ 
1*282976 „ 
io*2638b8;enb. feet. 






} 



litres. 

0*141907 
0*567628 

1*135255 
2*27051 

4*54102 

9*08204 

36*32816 

290*62528 



A tun of ale = 2 butts = 4 hogsheads =r 216 gallons = ^BXi-^^ 
litres. 

A ton of sea-water = 35 cubic feet = 218} gallons nearly = 
991*04 Utres. 



Apothecaries' Fluid Mba9urx. — 

Minim = 

Fluid drachm =s 60 minims, 

Fluid ounce = 8 fluid dnichms, 

Pint = 16 fluid ounces, 

Gallon s 8 pints, 



Onbio laBhea 

0*00376 

0*2256 

1*8047 

28*8750 

231*0000 



litres. 

0*0000616 

0*003697 

0*029572 

0*473154 
3*785235 



• This is the correct volume of 10 lbs. of pure water at 62° Fahr.^ and is 
therefore the true value of a gallon in cubic inches. In an Act of Parliament, 
now partly r^)ealed, that vmume is stated to be 277*274 cubic inches. 
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4 Vrtmeh. metric Hcaaares of Capacltj. — 



litres. 



O'OOI 
O'OI 

!• 

10 

lOO 

I,O0O 

IO,O0O 



Cubio Inches. 



6i'027 



Qallona. 



Millilitre, 

Centilitre, 

Pecilitre, 

Litre, 

Decalitre, 

Hectolitre, 

Kilolitre, 

Myrialitre, 

5, Tarioas Measiirea of Capacltr. — 

United States— 

GaUon = 231 cubic inches, ] 0833565 

BussiA — 

Vedro = 10 kruschki = 750*568 cubic incbes = 

Pkussia — 

Quart or Yiertel ( = 64 Prussian cubic inches), 

Oxhofb = 14 ohm = 3 eimer = 6 anker = 180 quart, 

Tonne = 4 scheffel s 64 metzen = 192 viertel, 

Austria — 

Maass = 40 seidel = 80 pfiff = 60448 Austrian) 
cubic foot, i 

Eimer = 40 maass, 

Sweden — 

Kann ( = 0*1 Swedish cubic foot), 

Am = 60 kannar, 

Netherlands — 

Kan (subdivided decimally), 

Old Scottish gallon = 8 pints = 16 chopins =32^ 
mutchkins = 128 gills, > 



0*220215 



Gallons. 



270843 

0*25215 

45-387 
48-4^3 

0*3116 
12-464 

0*57635 
34-581 

0*220215 
30651 



Litres. 
1 3785235 

12*299 
J*H5 

206*I 

219*84 



1*415 
566 

2*617 
15702 

I 

13*9187 



Section YIII. — Measures op Value. 

1. The FlneneM of Gold and Sltrer Coins means the proportion 

of the precious metal which they contain, and is generally expressed 
in thousandths of their total weight. The fineness of gold coins 
is also expressed in carats, or 24ths of their total weight 

The fineness of British gold coins is 22 carats, or 0*9 16|; of 
British silver coins, 0*925; and of the coins of most other nations, 
0*900. 

2. The Poamd Sterling is the value of the 

pure gold in a sovereign, viz., 113*001 grains. 

The alloy in a sovereign consists of copper,... 10*273 „ 

Full weight of a sovereign, 123*274 „ 

Fineness, 22 carats = 0*916|. 

Least legal tender weight, 122*75 » 

Current weight, or least weight received at 
par at the Bank of England, 122*5 »|^ 
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3. The Franc is the value of 4*5 grammes of pure silver; which 
beisg alloyed with 0*5 gramme of copper, the full weight of the 
coin is 5 grammes. The fineness is 0*900. The Italian liira is 
equal to the franc in weight, fineness, and value. 

4. The Crerman Vaion ]>oii«r (Yereinsthaler) is the value of -^ 
of a ZoUpfund f = ^ of a kilogramme, or 257*2 grains) of pure 

silver, to which is added ^ of its weight of alloy, the fineness 

being 0*900. 

5. The CompanitiTe Taiae of moneys in different countries 
fluctuates with the rcUe of eocchange, and cannot be stated exactly. 
A conventional estimate of the average comparative value of the 
moneys of two countries is called par, A few rates of exchange at 
par are given in the following tabla For further information, 
reference may be made to M^Culloch's Commercial Dictionary, and 
Kelly's Universal Canibist 

£ Sterling. Franca 

British Found sterling = 20 shillings \ .qooqo 2^-220 

= 2^0 pence ^960 farthings, / ^ °^°°^ ^^ ^^^ 

French and Bel&dan Franjc = 100 ) ^^ 

. ce/i^iwies = Italian ara, j "^^ ^ 

American Dollar = 100 cents, 0*20548 5*182 

'Rus^n Eiible =: 100 kopeks, 0*15625 3*94^ 

German Yereinsthaler {JJmon'DoWeir), \ 

= Prussian thaler = 30 sUberg- > 0*14493 3*^55 

roschen = 360 p/ennige, j 

Austrian Gtdden (Florin) = | verer ) 0.0^553 g.. ,<^ 

insthaler = 100 neukreutzer, j ^ ^*'' 

South German Gulden (Florin) =j 

^ vereinstiialer = 60 kreutzer = > 0*08282 2*089 

2^0 p/enntge^ j 

Netherlandish Gulden, Guilder (or) ^-nfi^oi 2-102 

Florin) = 100 cents, / ^ ^^^33 2 102 

Danish Eigd>ankdaler = 96 skU- ) q.tooSa a-TTo 

Norwegian Speciesdaler = 120 skil- ) ^.^^^^3 ^.^^^ 

Swedish Riksdaler =z\00 ore (species- \ ^.^^ ,^^ ,.«q« 

(io/er = 4 riksdM), ..r..... | ^^^^^^ '382 

Portuguese MUreis = 1,000 reis, 0*2354 5*9^7 

Spanidi Duro (Dollar) = 20 reales, 0*2083 5*254 

British Indian Rupee = 16 annas = ) /^.r^n«#» I'o'i^ 

192 pice (lac = 100,000 rupees),.,. ] ^ ^^^' ^^ 
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SEcnoor IX — Measures of Speed, Heaviness, Fjeiebsube, 

W0BK9 AND Tower, 

1. SpeMi or TeiocHv of adTajwe k eacpeeeaed in tinits of Icfogtli 
per unit of time. 

Comparison of Different Measures of Velocity. 





Miles 
per hour. 


Feet Feet 
per second. per minute. 


Feet 
per hoar. 




I 


= 1-46 =88 


5260- 




o-68i8 


= !• =60 = 


3600 




0101136 


• 

= 0*0I^ =5 I = 


60 


1 nautical mile'^ 


• • 

'0*oooi893 


• • 

= 0*00027 = o*or6 = 


I 


per h&tSBt, orV 
"kaofc," } 


= n5d8 


» 1^88 = 101-275 = 


6076J 



The units of time being the same in all civilized countries, the 
proportions amongst their units of velocity are the same i^i^ith those 
amongst their linear measures. 

2. Speed of Taraiiig, or Angaiar WeiocUr, is expressed in turns 
per second, per minute, or pw hour, or in circidar measure per 
second. 

To convert turns into circular measure, mtdtiply by 6*2832 
To convert circular measure into turns, multiply by o* 159 155 

{Comparison 0/ Different Measures o/Angvla/r Velocity. 

Oircnlar Measnra Toms Toms Tums 

per second. i)er second. per minute. .perlioiir. 

I 01591S5 9'5493 572*958 

6-2832 I 60 3600 

OT0472 o*oi6666 I 60 

0*001745 0*000277 0*01666 I 

3. BearineM is epq)ressed in units of weight per unit of volume; 
as pounds to the cubic foot, or kilogrammes to the cubic metre. 
(See Section XI.) Specific CJmi^tj is the ratio of the heaviness of 
a given substimoe to the heaviness of pure water, at a standard 
temperature, which in Britain is Q2^ Fahr., and in France the 
temperature of the maximum density of water. To convert 
specific gravity, as estimated in Britain, into heaviness in lbs. to 
die cubic foot, multiply by 62*355. 

In metric measures the specific gravity of a substance is equal 
to its heaviness in kilogrammes to the litre (or cubic decimetre 
very nearly). 
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4. Tke imteasitjr «f puc— me is expressed in units of weiglitt on 
the unit of area, as pounds on the square inch, or kilogrammes im 
the square metre; or by the height of a column of some fluid; 
or in atmosfphereSy the unit in this case being the average pressure 
of the atmosphere at the level of the sea. 

The following table gives a comparison of various units in wliich 
the intensities of pressures are commonly expressed. 

PouadB- on the Focmds on i&M 

square foot. Bquare inch. 

One ^ound on the square inch,.... 144 >i 

One pound on the square foot, i tzt 

One indi of mercury (that is, weight 

of a column of mercuiy, at 32^ 

Fahr., one inch high), 7o7275 '0*49ii63 

One foot of water (at 39''-l Fahr.), 62*425 ^0-4:335 

One inch of water,.. 5-2021 .0!03di25 

One atmosphere, of 29*922 inches 

of mercury, or 760 millimetres, 2,1 16*3 14*7 

One foot of air, at 32° Fahr., and 

under the pressure of one atmos^- 

pfaere, 0*080728 O'ooo56o6 

One kilogramme on the square 

metre, 0*20481 0*0014223 

One kilogramme on the square 

millimetre, 204,813 1,422*3 

One millimetre of mercuiy, 27847 0*01934 

Compcmsan of Heads qf Water in FeeC, wiih Pressures in 

Va/riotis Units, 
One foot of water at 52°*3 Fahr. = 62*4 lbs. on the square foot. 

,, o*4333 lb. on the square inch. 

J, 0*0295 atmosphere, 

j^ 0*8823 inch of mercury at 32°' 

f feet of air at 32°, and 
w " 773* 5^ one atmosphere. 

One lb. on the square foot, o*oi6o26foot of water at 52^*3 

Fabr. 

One lb. on the square inch, 2 *3o8 feet of water. 

One atmosj^here of 29*922 inches I 

of mercuiy, f 

One inch of mercury at 32°, i*i334 w » 

One foot of air at 32^ and one ) 0*001294 „ 

atmosphere, J 

One foot of average sea water, i -026 foot of pure water. 

5. ivavk is expressed in units of weight lifted through an xjant 
of heifiht: as in lbs. lifted one foot, called foc/t-pwmds; or 
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kilogrammes lifted one metre^ called kilogrammetrea, (See Section 
XI. of this part.) 

A kilogrammetre is 7*23308 foot-pounds. 
A foot-pound is 0-138254 kilogrammetre. 

6. Power is expressed in units of work done in an unit of time; 
as in foot-pounds per second, per minute, or per hour; or in 
conventional units called horse-potoer. 

One Horse-Power, British measure, = 550 ft.-lbs. per second 
= 33,000 ft -lbs. per minute = 1,980,000 ft. -lbs. per hour. 

One "Force de ChevcU" French measure, = 75 kilogrammetres 
per second = 542^ ft. -lbs. per second nearly = 0*9863 
British horse-power. 

One British horse-power = 1*0139 ^orc© de cheval. 

7. The staUcai jnoment of a given weight relatively to a given 
vertical plane is the pi-oduct of the weight into its horizontal 
distance from that plane, and is expressed in the same sort of 
units with work. 

Compcmson ofMeaswres of Staticdl Moment. 

Eilogrammetres. 

Inch-lb. == o'oii52i 

12 = I rt.-lb. = 0138254 

112= 9i = I Inch-cwt. = 1*29037 

1,344= 112 = 12= I Foot-cwt. = 15*4844 

2,240= i86§= 20= i|= I Inch-ton = 25*8074 

26,880 = 2,240 = 240 =20 =12 = 1 Foot-ton = 309*689 

8. Absolute Units of Forcr.— -The " Absolute Unit of Force " is 
a term used to denote the force which, acting on an unit of mass 
for an unit of time, produces an unit of velocity. 

The unit of time employed is always a second. 

The unit of velocity is in Britain one foot per second; in 

France one metre per second. 
The unit of mass is the mass of so much matter as weighs one 

unit of weight near the level of the sea, and in some 

definite latituda 
In Britain the latitude chosen is that of London; in France, 

that of Paris. 
In Britain the unit of weight chosen is sometimes a grain, 

sometimes a pound avoirdupois; and it is equal to 32*187 

of the corresponding absolute units of force. 
In France the unit of weight chosen is a gramme, and it is 

equal to 9*8087 of the corresponding absolute units of force. 

The proportions borne to each other by the absolute units of 

force in different countries are nearly the same with those of the 

units of work (see Article 5 of this Section), and would be exactly 
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the same but for the variation of the force of gravity in the 
latitude. Gravity is about 1*00017 times greater in London than 
in Paria 



Section X.— Measures op Heat. 

1. TcntpenUnre, or, Intenaitj of Heat. — 

cimf..TTXAT>T^ "P/^TT^fpa Corresponding Degrees on Scale. 

Standard rOINTS — Fahrenheit Centigrade. B^mnur. 

Boiling point of water ) ^^^o ^^^, g^o 

under one atmosphere, J 
Melting point of ice, 32'' o® o® 

9® Fahrenheit = 5" Centigrade := 4" B^aumur. 

9 
Temp. Fahr. = - Temp. Cent. + 32*' 

= ? Temp. B^aum. + 32« 
4 

5 5 

Temp. Cent = ^ (Temp. Fahr. — 32'*) = - Temp. R^um. 

4 4 

Temp. E^aum. = g (Temp. Fahr. — 32°) = g Temp. Cent. 

2. qaantiUes of Heat are expressed in units of weight of water 
heated one degree; as in pounds of water heated one degree of 
Fahr. (the British unit of heat) : or in kilogrammes of water 
heated one degree Centigrade (the French unit of heat). 

One French unit of heat (called Calorie) = 3*96832 British units. 
One British unit of heat = 0*25 1996 French units. 

Quantities of heat are sometimes also expressed in units of 
evaporation; that is, units of weight of water evaporated under 
the pressure of oue atmosphere. 



Heat which evaporates one lb. 

of water under one atmos- )- =966'! British units of heat 
phere. 



^Sog^t :jrC...?!!!} =5367PVenchunitsofheat 
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Fahr. 


Cent 


B^mn. 


Fahr. 


Gent 


B^nm. 


Fahr. 


Oent 


B^nm. 


-58 


-SO 


-40 


3" 


155 


124 


680 


360 


288 


-49 


-45 


-36 


320 


160 


.12^8 


689 


3^5 


292 


— 40 


-40 


-32 


329 


165 


132 


698 


370 


296 


-31 


-35 


-28 


338 


170 


13^ 


707 


375 


300 


— 22 


-30 


-24 


347 


175 


140 


:7i6 


380 


304 


-13 


-25 


— 20 


35^ 


180 


144 


725 


385 


308 


- 4 


— 20 


-16 


365 


185 


148 


734 


390 


312 


+ 5 


-15 


— 12 


374 


190 


152 


743 


395 


316 


14 


— 10 


- 8 


383 


195 


156 ' 


75« 


400 


320 


23 


- 5 


- 4 


392 


200 


160 


761 


405 


324 


32 








401 


205 


164 


770 


410 


328 


41 


+ 5 


+ 4 


410 


210 


168 


779 


415 


332 


50 


10 


8 


419 


215 


172 


788 


420 


33<5 


59 


15 


12 


428 


220 


176 


797 


425 


340 


68 


20 


16 


437 


225 


180 


806 


430 


344 


77 


25 


20 


446 


230 


184 


815 


435 


348 


86 


30 


24 


455 


235 


188 


824 


440 


352 


95 


35 


28 . 


464 


240 


192 


833 


445 


85<5 


X04 


40 


3^ 


473 


245 


196 


842 


450 


360 


113 


45 


36 


482 


250 


200 


851 


455 


3^4 


122 


50 


40 . 


491 


255 


204 


860 


460 


368 


131 


55 


44 


500 


260 


208 


869 


465 


372 


140 


60 


48 


509 


265 


212 


878 


470 


37<5 


149 


^S 


52 


.518 


270 


216 


887 


475 


380 


158 


yo 


5<5 , 


527 


275 


220 , 


896 


480 


384 


167 


75 


60 


53<5 


280 


224 


905 


485 


388 


176 


80 


64 


545 


285 


228 


914 


490 


392 


185 


85 


68 


554 


290 


232 


923 


495 


39<5 


194 


90 


72 


563 


295 


236 


932 


500 


400 


203 


95 


76 


572 


300 


240 


941 


505 


404 


212 


100 


80 


581 


305 


244 


950 


510 


408 


221 


105 


84 


590 


310 


248 


959 


515 


412 


230 


no 


88 


599 


315 


252 


968 


520 


416 


239 


"5 


93 


608 


320 


256 


977 


525 


420 


248 


120 


96 


617 


325 


266 


986 


530 


424 


257 


125 


xoo 


626 


330 


264 


995 


535 


428 


266 


130 


104 


635 


335 


268 


1004 


540 


432 


275 


135 


io8 


644 


340 


272 


1013 


545 


436 


284 


140 


112 


653 


345 


276 


1022 


550 


440 


293 


145 


116 


662 


350 


280 


1031 


555 


444 


302 


150 


120 


671 


355 


284 


1040 


560 


448 
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iBaamat XL— -Tableb of Mui/tifuers fob Ochtvertino 

Measures. 



1. C«Hpari««a 


«rw 


mmrf,! 


fcmiii^li —J 


I mmmSmck 


tmtt Wtm^Omu^^ 


BalYe&4ih8. Mm, 


Ifiiha 


asds. 


Decimals. 12thB. iSbs. 


itOiB, 3da. HalTea. 






I ... 


•03125 








I ... 


2 ... 

3«. 


•06250 
•08333 — 
•09375 


1 


' 


1 ... 


2 ... 


4 ..• 


•12500 

•15625 
•16667 ••• 


2 ... I 






3- 


6... 

7 -.. 


•18750 
•21875 






X • .• 3 . »• 


4 ... 


8 ... 

9 ►• 


•25000 ... 
•28125 


3 


.. I 




5... 


10 ... 


•31250 












•33333 — 

•343J5 


4 ... 2 . 


I 






11 .« 






3 ••• 


6 ... 


12 ... 

13 — 


•37500 
•40625 
•41667 ... 


5 






7 ... 


14 ... 

15 -• 


•43750 
•46875 






I •.• 2 ••• 4 •«• 


8... 


16 ... 


•50000 ... 


U ... ^ ... 2 ••«... .«• I 






17 ... 


•53125 








9 ... 


iJd .«. 
19 ... 


•56250 

•58333 "^ 
•59575 


1 




5 ••• 


lO ... 


20 ... 


•62500 










21 ... 


•65625 


• 










'6666'j ... 


... 4 . 


2 




II ... 


22 ... 

^3 — 


•68750 
•?i87S 






^ ... u ••• 


12 ... 


24 ... 

25 ... 


•75000 ... 
•78125 


9 


•. 3 




13... 


26 ... 

27 ... 


•81250 

•83333 •.. 
•84375 


10 ... 5 




•7... 


14 ... 


28 ... 

29 ... 


•87500 
•90625 






* 






•91667 ... 


II 






15... 


30 ... 


•93750 






•^ 




31 ... 


•96875 






m ••• ^ ••• O ••• 


16... 


32 ... 


I '00000 ... 


12 ... 6 . 


.. 4 *.* 3 *** 
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The values, in decimals, of the binary fractions are exact. Those 
of duodecimal fractions which are not also binary fractions, are 
approximate only. 

2. IMiililpller* for ConTerdiig Brititli lllcaaiirea* — 





A.— liiiks 
into 


B.— Feet into 
Links. 


C — Square 
Links Into 


D.— Square 
Feet into 






Feet 


Square Feet 


Square Links. 




I 


o*66 


1-51^5^5 


o-435<5 


2-2957 


I 


2 


1-32 


303030 


08712 


4-5914 


2 


3 


1-98 


4*54545 


I -3068 


68871 


3 


4 


2*64 


6 -0606 1 


1-7424 


9-1827 


4 


5 


330 


7-5757<5 


2-1780 


11-4784 


5 


6 


396 


9-09091 


2-6136 


1^3-7741 


6 


7 


4*62 


10-60606 


30492 


160698 


7 


8 


5-28 


12-12121 


3-4848 


18-3655 


8 


9 


594 


13-63636 


3-9204 


20-6612 


9 


lO 


660 


1515152 


4-3560 


22-9568 


10 




E.^Mean 


F.— statute 


- 








Geographical 
Miles Into 


Miles into Mean G.— Tons 


B.-UM, 






Geographical 
Miles. 


into Lbs. 


into Tods. 






Statute MUes. 








I 


1-151 


0-869 


2,240 


•0004464 


I 


3 


2*302 


1-738 


4,480 


-0008929 


3 


3 


3*452 


2-607 


6,720 


'OOI3393 


3 


4 


4-603 


3-47<5 


8,960 


•0017857 


4 


5 


5-754 


4345 


IT,200 


-0022321 


5 


6 


6-905 


5214 


13,440 


•0026786 


6 


7 


8-056 


6-083 


15,680 


•0031250 


7 


8 


9-207 


6-952 


17,920 


•0035714 


8 


9 


IO-357 


7-821 


20,160 


•0040179 


9 


lO 


11-508 


8-690 


22,400 


•9044643 


10 




L— Tons 


J.— Cubic Feet 

into Tons 
Displacement 


K— Lbs. on the 


L.~Lb8. on 






Displacement 
into 


Square Lich 
into Lbs. on the 


the Square Foot 
into Lbs. on the 






Cubic Feet 


Square Foot 


Square IndL 




I 


35 


•02857 


144 


•00694 


z 


2 


70 


•05714 


288 


•01389 


2 


3 


105 


•08571 


432 


•02083 


3 


4 


140 


•II429 


576 


•02778 


4 


5 


175 


•14286 


720 


•03472 


5 


6 


210 


•I7M3 


864 


•04167 


6 


7 


245 


•20000 


1,008 


•04861 


7 


8 


280 


•22857 


1,152 


•05556 


8 


9 


3^5 


•25714 


1,296 


•06250 


9 


lO 


350 


•28571 


1,440 


•06944 


10 
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11— Lbs. Avoir. 


N.— Grains into < 


3.— Cubic Feet 


p.— Gallons into 




into Qraina 


Lbs. Avoir. 


into Gallons. 


Cubic Feet 




I 7, 


000 


0*000142857 


<5-2355 


0*16037 


I 


2 14, 


000 


0*000285714 


12*4710 


0*32074 


2 


3 2I,000 


0*000428571 


18*7065 


0^48112 


3 


4 28, 


000 


0*000571429 


24^9420 


0^64149 


4 


5 35, 


000 


0*000714286 


31-1775 


o*8oi86 


5 


6 42, 


000 


0*000857143 


37*4130 


0*96223 


6 


7 49> 


000 


0*001000000 


43-6485 


1*12260 


7 


8 56, 


000 


0*001142857 


49*8840 


1^28298 


8 


9 63, 


000 


0*001285714 


46*1195 


1*44335 


9 


10 70,000 


0*001428571 


62-3550 


1*60372 


10 


Q.— Yalnes of Decimal Fractions of a Fotind Sterling in Shillings and Pence. 




£ 


8, 


d. 


£ 8. d. 


£ 8. 


d. 


•00 1 = 





0*24 


•01 = 2*4 


*I = 2 





•002 





048 


•02 4*8 


•2 4 





•003 





0*72 


•03 7*2 


•3 6 





•004 





0*96 


•04 g-6 


•4 8 





•005 





1*20 


*o5 ] 


[ 0*0 


•5 10 





•006 





1*44 


•06 : 


[ 2-4 


*6 12 





•007 





1*68 


•07 ] 


[ 4-8 


•7 U 





•008 





1*92 


•08 


1 7*2 


•8 16 





•009 





2*l6 


•09 : 


[ g'6 


•9 18 





B.— Yalnes of Farthings, Pence, and Shlllin 


igs in Decimal 1 


i'raoliona of a Pound. 




Farthings. 




£ 


Shillings. 


£ 




I 




•001 041 7 


1 


•05 




2 




•0020833 


2 


•10 




3 




•0031250 


3 


•15 




Fenca 






4 


•20 




I 




•004167 


5 


•25 




^ 




•006250 


6 


•30 




2 




•008333 


7 


'35 




3 




•012500 


8 


•40 




4 




•016667 


9 


•45 




4i 




•018750 


10 


•50 




5 




•020833 


II 


•55 




6 




•025000 


12 


•60 




7 




•029167 


13 


•65 




l^ 




•031250 


14 


•70 




8 




•033333 


15 


•75 




9 




•037500 


16 


•80 




10 




•041667 


17 


•85 




loi 




•043750 


18 


•90 




II 




•04i 


5833 


19 


•95 
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HEASUREa 



4. Mulupuebs fob Cokyebtino Bbitish and Fbench 

Measubes. 





A.— Metres 


BL— Feet 


C— Millimetres 


D.— Inches 






into 


into 


into 


into 






Feet 


Metres. 


Inches. 


MiUimetres. 




I 


3'28o9 


0-3048 


•03937 


25*400 


I 


2 


65617 


0*6096 


•07874 


50*800 


2 


3 


9*8426 


0*9144 


•ii8n 


76*199 


3 


4 


131235 


1*2192 


•15748 


101-599 


4 


5 


16-4043 


1*5240 


-19685 


126*999 


5 


6 


19-6852 


1*8288 


•23622 


152399 


6 


7 


22*9661 


2-1336 


•27559 


177*798 


7 


8 


26-2470 


2-4384 


•31496, 


203-198 


8 


9 


29-5278 


2-7432 


•35433 


228*598 


9 


lO 


32-8087 


3*0480 


•39370 


253998 


10 




£.~Sqaare Metres 


F.—Sqnare Feet 


G.— Square 


H.— Square Inches 






into 


into 


Millimetres into 


into Square 






Square Feet 


Square Metres. 


Square Inches. 


Millinietres. 




I 


10-764 


•0929 


•0015500 


645-15 


I 


2 


21-528 


•1858 


•003 1 00 1 


1290-30 


2 


3 


32-292 


•2787 


•0046501 


1935-44 


3 


4 


43*056 


•3716 


•0062001 


2580-59 


4 


5 


53*821 


•4645 


•0077501 


322574 


5 


6 


64585 


•5574 


•0093002 


3870*89 


6 


7 


75'349 


•6503 


•0108502 


4516*04 


7 


8 


86-113 


•7432 


•0124002 


5161-18 


8 


9 


96*877 


•8361 


•0139503 


5806-33 


9 


lO 


107-641 


•9290 


•0155003 


6451*48 


10 




L— Cnbio Metres 


J.— Cubic Feet 


K— Cubic Millimetres L.— Cublclnches 






into 


into 


into 


into 






Cubic Feet 


Cubic Metres. 


Cubic Inches. 


Cubic Millimetres. 




I 


35*316 


•028316 


•00006103 


16387 


I 


2 


70-631 


•056632 


•00012205 


32773 


2 


3 


105-947 


•084948 


•OOO1830SI 


49160 


3 


4 


141-262 


•I 13264 


•00024410 


65546 


4 


5 


176578 


•I41581 


•00030513 


81933 


5 


6 


211*894 


•169897 


•00036615 


98320 


6 


7 


247-209 


•I98213 


•00042718 


I 14706 


7 


8 


282525 


•226529 


•00048820 


131093 


8 


9 


317-840 


•254845 


•00054923 


147480 


9 


lO 


353156 


•283161 


•00061025 


163866 


10 
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Multipliers for Converting British and French 

Measures — continued. 





IL— Grammes 


N.— Grains 


0.— Kilogrammes 


P.-Lbe. 






into 


into 


into 


into 






Grains. 


Grammes. 


Lbs. 


Kilogrammes. 




I 


15*4323 


•06480 


2*2046 


0-4536 


X 


a 


30-8647 


•12960 


4-4092 


0-9072 


a 


3 


46-2970 


•19440 


6-6139 


I -3608 


3 


4 


617294 


-25920 


8-8185 


I-8144 


4 


5 


77-1617 


•32399 


11-0231 


2*2680 


5 


6 


92-5941 


•38879 


13-2277 


2*7216 


6 


7 


108-0264 


•45359 


154323 


3-1751 


7 


8 


123-4588 


•51839 


176370 


3*6287 


8 


9 


I38-89II 


•58319 


19-8416 


4-0823 


9 


lO 


154-3235 


•64799 


32-0462 


4-5359 


10 




Q.— Tonneaox 


R.— Tons 


a— Litres 


T.— Gkillons 






into 


into 


into 


into 






Tons. 


Tonneanx. 


Gallons. 


litres. 




I 


0*9842 


I -01 60 


0*2202 


4-541 


I 


2 


1-9684 


2-0321 


0-4404 


9*082 


2 


3 


2-9526 


3-0481 


0-6606 


13623 


3 


4 


3-9368 


4-0642 


0-8809 


18*164 


4 


5 


4*9210 


5-0802 


I-IOII 


22*705 


5 


6 


59052 


6-0963 


I-3213 


27-246 


6 


7 


68894 


71123 


1-5415 


31-787 


7 


8 


7-873i5 


8-1284 


I-7617 


36-328 


8 


9 


8-8579 


9-1444 


1-9819 


40*869 


9 


lO 


9-8421 


10-1605 


2-202li 

W.— Eilomimmes 

on the Square 
Millimetre into Lbs. 


454x0 
X— Lb& on the 


10 




U.— Eflogrammetres 
hito 


v.— Foofr-Lta. 
into 


Square Inch into 
Kilogrammes 






Foot-Lbs. 


Eilogrammetres. 


on the 
Square Inch. 


on the Sqnare 
imUmetre. 




I 


7233 


013825 


1422 


•000703 


I 


a 


14*466 


0-27651 


2845 


•001406 


2 


3 


21*699 


0*4x476 


4267 


•002109 


3 


4 


28-932 


055302 


5689 


*0028l2 


4 


5 


36-165 


0-69127 


71II 


•003515 


5 


6 


43398 


0-82952 


8534 


•004219 


6 


7 


50*632 


096778 


995<5 


•004922 


7 


8 


57865 


I -10603 


11378 


•005625 


8 


9 


65098 


1-24429 


1 280 1 


•006328 


9 


xo 


72*331^ 


1-38254 


14223 


•007031 


10 
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Multipliers for Converting Britisih and French 

Measures — cofniirmed. 





T.— Eflometres 


Z.— MUea 


AA.— Hectares 


UB. — ^Acres 






into 


into 


into 


faxto 






IDteiL 


EOeaBtrea. 


A^^ea. 


HeetaresL 


. 


I 


0*62x4 


1*6093 


2*471 


0*4047 


I > 


2 


1*2428 


3*2186 


4*942 


0*8094 


2 


3 


1*8641 


4*8280 


7*413 


1*2140 


3 


4 


2*4855 


<5-4373 


9*884 


1^187 


4 i 


5 


31069 


8*0467 


12*356 


2*0234 


5 


6 


37283 


9*6560 


14*827 


2*4281 


6 


7 


4*349^ 


11*2653 


1 7 298 


28328 


7 


8 


4*9710 


12*8747 


19769 


3'23?5 


8 p 


9 


5*5924 


14*4840 


22*240 


3*6421 


9 


xo 


6*2138 


16*0933 


24711 


4*0468 


10 




00.— Francs 


DD.-£ 




FT.— Pence 


H 




into 


into 


into 


into 






^. 


Franos. 


Pence. 


Francs. 




z 


•03965 


25*22 


9*5x6 


0*10508 


I 


2 


•07930 


50*44 


19-033 


0*21017 


2 


3 


•11895 


75*^ 


28-549 


0*3^525 


3 ^ 


4 


•15860 


100*88 


38*065 


0*4^033 


4 


5 


•1^26 


I2iS*IO 


47*581 


0*52542 


5 


6 


•23791 


151*32 


57*098 


0*63050 


6 


7 


•27756 


176^54 


66*614 


0-73558 


7 


8 


•31721 


20176 


j6*i3o 


0*84067 


8 


9 


•35^6 


226*98 


85*646 


0-94575 


9 


lO 


•39^1 


252*20 


95*163 


I •05083 


10 , 



5. Conversion of Velocities. 



fMrBsnrtoto 
Feet par 



2 
2, 

3 

4 

5 
6 

7 
8 

9 
xo 



1*467 

2*933 

4*400 

S'^7 

7*333 

8t8oo 

10*267 

11*733 
13*200 

14*6^ 



B.-Jreet 


CL— Eiicto 


D.-^Real 


per Seoond into 


into 


per Second 


Miles per 


Feet per 


into 


Hsiic 


Second. 


Knots. 


0*682 


1*688 


0*592 


1*364 


3*376 


I 185 


2-045 


5^4 


1777 


2727 


6752 


2*370 


3*409 


8*439 


2^2 


4*091 


10*127 


3*555 


4*773 


1181S 


4*147 


5*455 


13*503 


4*740 


6*136 


15*191 


S"332 


6*818 


16^79 


5-925 



1 

2 

3 

4 

5 
6 

7 
8 

9 
10 
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CoNYEBSiOK OF Yelocities — Continued. 

Angnlar Velocity. 
E.— Knots Into F.— Metres per O.— Turns per H.— Circular 



Metres per Second into Second into Measure into 

Knots. Circular Measure. Turns per Second. 



letresper 
Secono. 



X 0*5144 1*944 <5-28 

2 1-0288 3-888 12-57 

3 1*5432 5832 1885 

4 2-0576 7776 25-13 

5 2-5720 9720 31-42 

6 3*0864 11*664 37*70 

7 3-6008 13*608 43*98 

8 4*1152 15*552 50*27 

9 4-6296 17*49^ 56*55 
10 5*1440 19*440 62-83 



0-159 


I 


0-318 


a 


0*477 


3 


0-637 


4 


0-796 


5 


o*955 


6 


1-114 


7 


1-273 


8 


1-432 


9 


1-592 


10 



Atmos- 
pheres. 

I 

3 

4 

5 
6 

7 
8 

9 

10 



6. OONYERSION OF PbESSUBES IN ATMOSPHERES. 



Lbs. on 


Lbs. on the 


Kilogrammes 


MillimetreB 


Inches 


Feet 


the 


Square 
Foot 


on the 


of 


of 


of 


Square Inch. 


Square Metre. 


Mercury. 


Mercury. 


Water. 


14-7 


2I16 


10333 


760 


29*922 


33*9 


29-4 


4233 


20666 


1520 


59*844 


67-8 


44-1 


6349 


30999 


2280 


89765 


101-7 


588 


8465 


41332 


3040 


119-687 


i35*<5 


73*5 


1 058 1 


51665 


3800 


149-609 


169-5 


88-2 


12698 


61998 


4560 


179*531 


203-4 


102-9 


I4814 


72331 


5320 


209-453 


237*3 


117 -6 


16930 


82664 


6080 


239*374 


271-2 


132*3 


19047 


92997 


6840 


269-296 


305*1 


147-0 


21163 


103330 


7600 


299*218 


339*0 
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RULES IN ENGINEERING GEODESY. 

SEcrnoN I. — Rules depending on the Dimensions and Fiqubb 

OF THE Earth. 

1. Earth's PriDcipai iMmeDsioas (as calculated at the British 
Ordnance Survey Ofl&ce, and published in 1866.)— Longitude of 
the earth's greater equatorial axis, about 15° 34' east of Greenwich. 
Longitude of the earth's lesser equatorial axis, about 105° 34' east 
of Greenwich. 

Feet Metres. 

Greater equatorial axis, 41,852,700 129756,588 

Lesser equatorial axis, 411839,944 12,752,701 

Mean equatorial diameter, 41,846,322 12,754,644 

Polar axis, 41,706,858 12,712,136 

Mean between mean equatorial ) ^, . ^, .^^ ,^ . ^^ ^^^ 

diameter and polar axis, / 4i,776,590 i2,733,390 

In the present state of our knowledge, calculations of the earth's 
dimensions ai-e doubtful beyond the fifth figure. 

2. iHtaBte of liatitnde.— Length on the earth's surfiice corre- 
sponding to a minute of the mean meridian; 

in feet = 6076 — 31 cos * 2 latitude of middle of arc; 
in metres = 1852 — 9*4 cos ' 2 latitude of middle of arc; 

(observing that cosines of obtuse angles have their signs reversed.) 
These formula are correct, for any meridian, to the nearest foot, 
and to the nearest 1^ of a metre. 

3. HiBBte of Prteie Teriicai (being the great circle perpendicular 
to the meridian), 

. ^ 12214 + length of minute of meridian^ 

in lect = s 9 

o 

3723 + len£;th of minute of meridian 
in metres = « • 

4. Htante of liongiMdc— For its length multiply the length of 
a minute of the prime vertical by the cosine of the latitude. 

0. BzpiaaaUoM of Table.— The following table gives the results 
of the three preceding rules in feet, correct to the nearest foot, for 
latitudes at intervals of one degree, from 0° to 90° : — 
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Lai 


inn. Long; 


TdhL pr. T. 


O^. 


.. 6086 


... 6086 .. 


I . 


.. 6085 


... 6086 .. 


2 . 


.. 6083 


... 6086 .. 


3 • 


.. 6078 


... 6086 .. 


4 • 


.. 6071 


... 6086 .. 


5 • 


.. 6063 


... 6086 .. 


6 . 


.. 6053 


... 6087 .. 


7 • 


.. 6041 


... 6087 •• 


8 . 


.. 6027 


... 6087 .. 


9 • 


.. 6012 


... 6087 .. 


lO . 


.. 5994 


... 6087 .. 


II . 


'. 5975 


... 6087 .. 


13 . 


.. 5^54 


... 6087 .. 


13 • 


" $93^ 


... 6087 .. 


14 . 


'. 5907 


... 6088 .. 


15 • 


.• 5880 


... 6088 .. 


i6 . 


.. 5852 


... 6088 .. 


17 • 


.. 5822 . 


... 6088 .. 


i8 .. 


.. 5790 


... 6088 .. 


19 .. 


.. 5757 


... 6089. .. 


20 .. 


.. 5721 . 


... 6o8p .. 


21 . 


.. 5684 , 


,.. 6089 .. 


22 . 


.. 5646 , 


... 6089 .. 


23 . 


.. 5605 . 


... 6089 .. 


24 .. 


.. 5563 - 


... 6090 .. 


25 .. 


.. 5519 


... 6090 .. 


26 .. 


.. 5474 . 


... ^090 .. 


27 .. 


• 5427 • 


.. 6091 .. 


28 .. 


-. 5378 . 


.. 6091 .. 


29 .. 


.. 5327 . 


.. 6091 .. 


30 .. 


• 5275 . 


.. 609a ,. 


31 •' 


.. 5222 , 


.. 6092 .. 


32 ., 


.. 5166 . 


.. 6092 .. 


33 • 


. 5109 • 


... 6092 .. 


34 - 


.. .5051c . 


.. 6093 .. 


35 - 


. 4991 . 


„ 6093 .. 


36 .. 


. 4930 ■ 


.. 6093 .. 


37 •• 


.. 4867 , 


.. 6094 .. 


38 .- 


,. 4802 . 


.. 6094 .. 


39 •« 


.. 4736 • 


.. 6095 .. 


40 .. 


.. 4669 . 


.. 6095 .. 


41 ., 


,. 4600 . 


.. 6095 .. 


42 .. 


. 4530 • 


.. 6096 .. 


43 . 


.. 4458 . 


.. 6096 .. 


44 .' 


.. 4385 • 


„ 6096 .. 


45 - 


.. 43" • 


.. 6097 .. 



MiiLLat 


IfiaLat 


. 6045 


6107 


. 6045 


6107 


. 6045 


6107 


. 6045 


6107 


. 6045 


6107 


. 6045 


6107 


. 6046 


6106 


. 6046 


6106 


. 6046 


6106 


. 6047 


6105 


. 6047 


6105 


. 6047 


6105 


. 6048 


6104 


. eo^B^ 


6104 


. 6049 


6103 


. 6049 


6103 


. 6050 


6102 


. 6050 


6102 


. 6051 


6101 


. 6052 


6100 


. 6052 


6100 


. 6053 


6099 


. ^54 


6098 . 


. 6054 


6098 . 


. 6055 


6097 . 


. 6056 


6096 . 


. 6057 


6095 . 


. 6058 


6094 . 


. 6059 


6093 . 


. 6060 


6092 . 


. 6061 


6091 . 


. 6061 


6091 . 


. 6062 


6090 . 


. 6063 


6089 . 


. 6064 


6088 . 


. 6065 


6087 . 


. 6066 


6086 . 


. 6067 


6085 . 


. 6068 


6084 . 


. 6070 


6082 . 


. 6071 


6081 . 


. 6072 


6080 . 


. ^3 


6079 . 


. 6074 


6078 . 


. 6075 


6077 . 


. 6076 


6076 . 



Min. pr. r. 


HBaLong. 


.. 6107 . 


... 


.. 6107 . 


.. 107 ... 


.. 6107 . 


.. 213 ... 


.. 6107 . 


.. 320 ... 


.. 6107 . 


.. 426 ... 


.. 6107 . 


.. 532 ... 


.. 6107 . 


.. 638 ... 


.. 6107 . 


.. 744 ... 


.. 6107 . 


.. 85a ... 


.. 6106 . 


.. 955 - 


.. 6106 . 


,. 1060 ... 


.. 6106 . 


^ 1165 ... 


.. 6106 . 


.. 1270 ... 


.. 6106 .. 


.. 1374 ... 


.. 6106 . 


.. 1477 ... 


.. 6106 . 


.. 1580 ... 


.. 6105 . 


.. 1683 ... 


.. 6105 . 


.. 1785 ... 


.. 6105 . 


.. 1887 ... 


.. 6105 . 


.. 1988 ... 


.. 6105 . 


.. 2088 ... 


.. 6104 . 


.. 2188 ... 


.. 6104 . 


.. 2287 ... 


.. 6104 . 


.. 2385 ... 


.. 6104 . 


.. 2483 ... 


.. 6103 .. 


.. 2579 ... 


.. 6103 .. 


.. 2675 ... 


.. 6103 ., 


.. 2771 ... 


..6102 .. 


.. 2865 ... 


.. 6102 .. 


.. 2958 ... 


.. 6102 .. 


. 3051 ••• 


.. 6102 .. 


.3142 ... 


.. 6101 ., 


. 3233 •.. 


.. 6101 ... 


. 3323 ... 


.. 6101 ., 


.. 3413 ... 


.. 6ioa ., 


.. 3499 ... 


.. 6100 .. 


.. 3586 ... 


.. 6100 .. 


.. 3671 ... 


.. 6099 -> 


.. 3755 ... 


.. 6099 .. 


.. 3838 ... 


.. 6098 .. 


. 3920 ... 


.. 6098 .. 


. 4001 ... 


.. 6098 .. 


,. 4080 ... 


.. 6097 ., 


. 4158 ... 


.. 6097 ., 


. 4235 — 


.. 6097 ., 


. 43" •.. 



Lftt 

90. 
89 

88 

87 
86 

85 

84 

83 
83 

81 

80 

79 
78 

77 
76 

75 
74 

73 
73 

71 
70 
69 
68 
67 
66 

65 
64 

63 

62 

61 
60 

59 

58 
57 
56 
55 
64 
53 
5a 

51 

50 

49 
48 

47 
46 

45 
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61 Minata m/f m Onac Circle Ht wmf Ami— HI ■ — AzvmoUh is ^Stfb 

an^e wMch s giveii TertieaJ pkniep traiveraiig a station makes with, 
tbe plane of tiie meridnn of iha^ static Letm demote tbe lei^th 
of a minirte of the meridian, and p tke length, of a mimite of the 
prime vertical, at the latitiide of the nuddle <^ the aso to be 
measnred; then the length required 

= ^— s ^—^5 — • cos y azranxQi : 

3 2 ' 

ohserving, that when the azimuth exceeds 4t5^, the second term 
of the formula is to be addbd, instead of subtracted. 

Example I. — In latitude 60^ required the length in feet of cne 
minute of a great circle on the earth's surflEu^ whose azimuth 10 3()^» 

p_^ ^ 6102 . 6091 ^ 12m ^ 6096-5 feet 



n 
2 

X cos 60^= 0-5 



?_ZJ?= H=5-5feet 



Product to be subtracted, 2*75 



Length required, to the nearest foot,... 6094 feet. 

Example IL — In the same latitude, let the azimuth be W; 
then 60^ x 2 = 120°, an obtuse angle, whose cosine is = -> cob 
(180° - 120°) = - cos 60° = - 0-5. 

2-±-^ as before, 6096-5 feet 

/p^m = 5.5\ X 0-5 (to be added) = 2-75 



Length required, to the nearest foot, 6099 feet 

6a. <?«Miafaied Arc. — Divide the distance between two stations 
by the length of a minute on the great circle throu^ them; the 
quotient will be the contained arc in minutes. 

7. To And the Trae Azlnintli of a Station-IihiC. 

L B^ the Two greatest ElongcOions of a Circumpolar Star, — 
Observe the greatest and least horizontal angles made by a star 
near the pole with the station-line when the star is at its greatest 
distances east and west of the pole, and take the mean of those 
an^^eSy whidi is the true azimuth of the station-line. In the 
northern hemisphere the Pole-star, a IJrs» Minoris, is the best» 
This method is seldom practicable with an ordinary IJieodcdiley 
in general one of the observations must be made by daylight 
IL By equal AUitudea of a Star, — ^The theodolite being at a 
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station in the station-line chosen, measure the horizontal angle from 
the station-line to any star which is not near the highest or lowest 
point of its apparent daily course, and take also the altitude of that 
star. Leave the vertical circle clamped, and let the instrument 
remain undisturbed until the star is approaching the same altitude 
at the other side of its apparent circular course. Then, without 
moving the vertical circle, direct the telescope towards the star, 
clamp the vernier-plate, and by the aid of its tangent-screw follow 
the star in azimuth with the cross wires until it arrives exactly at 
its former altitude, as is shown by its image coinciding with the 
cross wires; then measure the horizontal angle between the new 
direction of the star and the station-line: the mean between the two 
horizontal angles will be the true azimuth of the station-line.* 

In both the preceding processes it is to be understood that the 
mean of two horizontal angles means their half'Sum when they are 
at the same side of the station-line, but their half-difference when 
they are at opposite sides. 

The second method may be applied to the sun, observing the 
sun*s west limb in the forenoon and east limb in the afternoon, or 
vice verad; but in that case a correction is required, owing to the 
sun's change of declination. When the sun's declination is chang- 

ing towards the < 1 1, i » *^® approximate direction of the meri- 
dian, as found by the method just described, is too far to the 
I left I * ^^'^ correction required is given by the formula,t . 

change of sun's declination , ,.^ , 1 , 
o ^ sec 'latitude x cosec 5 angular 

motion of sun between the observations. 

III. By One greatest Elongation of a Circfampolar Star, — ^To use 
this method, the declination of the star, and the latitude of the 
place, should be known. Then 

sin • azimuth of star at greatest elongation 
= cos * declination 4- cos 'latitude; 

and that azimuth, being added to or subtracted from the horizontal 
angle between the station-line and the star, when at its greatest 
elongation (accoixling as the station-line lies to the sam^ side of 

* In observing at night with the theodohte, it is necessary to throw, by 
means of a lamp and a small mirror, enough of light into the tube to make 
the cross wires visible. 

+ At the equinoxes, the rate of change of the sun^s declination is about 
59" per hour; and it varies nearly as the cosine <^ the sun^s right 
ascension. 



FINDING TRUE AZUtVTH. 121 

the meridian ytith the star, or to the opposite idde) gives the 

uimath of the Btation-line.* 

IV. By observing the Altitude of a Star, and tie Horieontid 
Artgle between ii and the Slation-Line. — The altitude being corrected 
for refraction, the azimutli of the atar ia computed by taking the 
zenith distance, or complement of that altitude, the pohir diatancet 
of the star, aud the co-latitude of the place, as the three sides of 
a spherical triangle; whea the azimuth of the atar will be the 

* The following ia a table of the declinations of a few of the more ood- 
spicuouB Btara for tbe Ist of January, 1865, together with the aaDUol rate at 
wbioh those declinationB are ctanguig, 4- denoting increase, and — dimiao^ 

ITOBTHERN HEMISPHERE. 
Sria, Nortli DeclinitloiL BMe o! Aimiul Tulatloii. 

a Andromeds, W Hff ■12!' + 19"-9 

s UnEB MinoriB (Pole-Star), 88 35 23 -t- 19 -2 

a Arietis, 22 49 21 +17-2 

a Ceti, - 3 33 as +14-4 

a Peraei, - 49 22 39 +13-2 

a Tanri (Aldebaran), 16 14 6 +7-6 



AurigiB (Capella), 45 61 24 

Ononis (Betelaeuze), 7 22 43 +11 

Qaminprum (Castor), 32 10 K — 7 ■* 



- -, -. —8-3 

a 12 37 32 —17-4 

a 62 28 44 — 19 -4 

n 49 59 17 —18 l 

a 19 (a 12 — 18 ■» 

« 12 39 39 -2-9 

a 38 39 36 +3-1 

a 8 30 61 +9-2 

a 44 47 68 + 12 7 

a _ . 14 28 46-S + W 3 

SOUTHEKN" HEMISPHERE. 

Stir, SoDlh Declliutloa Biite o[ Amta*] Yultljan 

S Ononis (Rigol), 8° 21' 38* — 4"-5 

a Columbte, 34 8 61 — 2 ^ 

a Arsis (CanopuBj : 62 37 23 +1-8 

a Canis Mtyons (Siriiu), 16 32 1 +4-6 

a Hydne, 8 4 31 + 15 '4 

•1 Argfls 68 68 29 +18 7 

a CruciB, «! 20 68fl +19-9 

a VirginwOpica), 10 27 21 +18-9 

a CentauH, 60 16 24 + 15 -0 

a Soorpii (Antares), 26 7 46 +8-4 

a Triangoli Aiutcalis, 68 4S 27 ■*■ 7 A 

a Pbfoqis 67 9 49 — ll'l 

» (iruis, 47 36 46 -17-2 

a Pisds Aostralis (Fomalhant],... 30 20 13 — 19 D 

t Ths poUr dittaaoe is the compleBent of the dedioatioiL 
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angle opponte the nde representing the polar distance. Tike 
azimuth of the station-line is then to be found as in Method III. 

Y. Approadmaie Method by ohaer&i/ng certain 
BtofTB, — In tile nordkem hemisphere a meri^an- ^ 

line may be fixed approximately by observing, \ 

with the aid of a plumb-line, the instant when r 

the Fole-stiKr A, £u»l the star Alioth (« XJrsse | 

Majoris), appear in the same vertical plane. The \ ^ 

Pole-star is marked A in ^g, 36. ; ^ 

8. Aasie between Tw* ISerMiaas. — Whentwo l -^ ^^ 

points on the earth's sur£ice have the same ^ f ^ 

latitude, but different longitudes, the horizontal ^ ^ 

angle made by their meridians with each other is » tt sfj 
found by the following equation : — '^* 

sin ^ horizontal angles sin ^ difference of long, x tdn * laL 

9. Astvattemicai Befractfon. — The correction for refiraction is 
always to be subtracted from an altitude. It may be found in 
fieconda approximately by the following formula: — 

Befraction == 58" x cotan apparent altitude. 

For more exact information on the subject, see a paper by the 
Hev. Df. Kobinson in the Trcmsactions of the Boy id Irish Academy, 
vol. xix. Tables of Kefraction are given in treatises on Naviga- 
tion, such as Baper's. 

Below about 8° or 10'' of altitude the changeable condition of the 
atmosphere makes the correction for refraction very uncertain. 

10. Dip •r the 8e»>Herixoiik in seconds = J (height of station in 
feet) X 57"'4, nearly. 

11. T« find the liatltiide of a Place. 

Method I. By the Mean AUitvde of a Cireumpolar Star. — Take 
the altitudes of a circnmpolar star at its upper and lower culmina- 
tknis (whidi portions are known by watching for the instants when 
the altitude is greatest and least). From each of those apparent 
altitudes subtract the correction for refraction; the mean of the 
true altitudes thus found is the latitude of the place. 

Method II. By One Meridian Aliunde of a Star, — Observe the 
meridian altitude of a star by watching for the instant when its 
altitude is greatest or least, and subtract the corrections for 
refraction, and also for dip, if necessary. The complement of the 
true altitude is the zenith distance. Find the declination of the 
star from the Na/uiical Almamac (which is publLdied four years in 
advance.) 

Then if the star is between the zenith and the equator. 

Latitude = Zenith distance + Declination ; (1.) 
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Jfihe star k between ^be eqttstor and the hmzon, 

Latitade = Zenith distance — BeeliDation; (2.) 

if the star la between the zenith and the elevated pde, 

Latitude = Declination — Zenith distance; (3.) 

If the star is between the elevated pole and the horizoii, 
Latitude =s 180° — Declination — Zenith distance; •»*(4.) 

Mkebco^ HL By the Sun^s Meridiem AUiiude, — ^In this method 
t^ final calculation, from the snn's declination, as found in the 
Navticfd AlmomcLey and the true altitude of his centre, is the same 
as in Method IL But besides the correction for refraction and 
dip, the altitude requires to be further corrected by subtracting or 
adding the sun*s semidiameter, according as his upper or lower 
limb has been observed, and by adding the sun's parallax, being 
the angle subtended at i^e sun by the distance between the earth's 
centre and the place of observation. 

To find the correction for parallax, fmd the sun's horizontal 
parallax on the day of observation, from the NaviicaiL Almanac, and 
multiply it by the cosine of the altitude of the sun's centre. 

(The mean value of the sun's horizontal parallax is about 8"*6). 

The sun's semidiameter on the day of observation is to be found 
in the Naixlical Alitumac. It varies from W 46" to 16' 18". 

The calculation may be thus set down algebraically — 



^ horizon has been observed) — Eefraction z±z sun's > (5.) 



i True altitude = apparent altitude — Dip (if the sea- 
i horizon has been observed — - 
( semidiameter + parallax;, 

Zenith dutanee = W — true altitude, (6.) 



Latitude (see Equations 1, 2, 3, 4). 

Equations 1 and 2 are the most frequently applicable to the sun. 
Equation 3 is occasionallj applicable between the tropics; and 
Equation 4 relates to observations made at midnight, in summer, 
in the polar regions. 

12. The DMrcrence •f liatttade of two stations near each other 
is best found by observing the difference of the meridian alti- 
tudes or zenith distances of the same star as seen from the two 
stations. 

13. T« Meamre a Base-Iiine for a Snrref Approximatelfy by 
liatitndM. — The stations for the two ends of the base-line should be 
within sight of each other; not less than about fifty miles apart, if 
possible, and as nearly as possible in the same meridian. 
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Take the true azimuth of the base-line by Rule 7 ; and, if possible, 
take it from both stations, and take the mean of the results, which 
•will be slightly different. 

Take the latitudes of both stations by Kule 11, and the difference 
of their latitudes by Bule 12. The difference should be taken with 
tlie utmost possible precision ; the absolute latitudes need not be 
determined so closely. Take the mean or half-sum of those 
absolute latitudes. 

Multiply the difference of latitude by the secant (or divide by 
the cosine) of the azimuth ; reduce the angle so found to minut^ 
and decimal fractions of a minute; multiply it by the length cor- 
responding to a minute of a great circle in the given mean latitude 
and azimuth (see Rule 6 ) ; the product will be the required length 
of base, correct to about one-6,000th part of itself. 

Example. — Suppose the data to be as follows : — 






Mean azimuth, 30^ 

Mean latitude, 60*^ 

Difference of latitude, 50' 

Then,— 

Difference of latitude _ 50' ^ kt'-tqa; 
cos azimuth " '86603 *" 

X Length corresponding to one minute,") 
as already computed in Example 1 of [• 6,094 feet. 

Rule 6,.... 3 

Length of base required, 351,837 feet. 

"Which is correct to the nearest 60 feet, or thereabouts. 

14. To Bednce an Elerated or Depresaed Base to the I^erel 

of the Sea. — Multiply the base as measured, by its elevation above 
or depression below the sea-level, and divide by the earth's mean 
i-adius; the quotient will be the correction, to be subtracted if 
the base is elevated, or added if it is depressed. (Earth's mean 
ludius, accurate enough for the present purpose; 

?0,900,000 feet, or 6,370,000 metres.) 
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Section IL — Scales fob Plans and Sectioiib. 

1. Plans. 



OrdixiftiT Deaignatioii 
' ox Scale. 



(1.) 1 inchtoamfle,. 



(2.) 4 inches to a mUe,. 



(3.) 6iDche8 toamile,. 



Fraction of 

real 
Dimensions. 



(4.) 6*886 inches to a mile, . . 



(5.) 400 £9et to an inch, . 



(6.) 6 chains to an inch, . 



(7.) 15*84 inchesto a mile,... 

(8.) 5 chains to an inch, or ) 
16 inches to a mile, ( 



(9.) 25*844 hiches to a mile, 



(10.) 200 feet to «n inch,. 



63,360 

1 

15,840 

1 

10,560 



10,000 

1 
4,800 



4,752 
1 

4,000 

1 

8,960 



2,500 



2,400 



Use. 



Scale of the smaller ordnance maps of 
Britain. This scale is well adapted 
for maps to be nsed in exploring the 
country. 

Smallest scale permitted by the stand- 
ing orders of parliament for the de- 
posited plans of proposed works. 

Scisle of the larger ordnance maps of 
Great Britain and Ireland. This 
scale, being just large enough to 
show buildings, roads, and other 
important objects distinctly in their 
true forms and proportions, and at 
the same time small enough to 
enable the eye of the engineer to 
embrace the plan of a considerable 
extent of country at one view, is on 
the whole the best adapted for the 
selection of lines for engineering 
works, and for parliamentary plans 
and preliminary estimates. 

Decimal scale possessing the same ad- 
vantages. 

Smallest scale permitted by the stand- 
ing orders of parliament for '* en- 
larged plans" of buildings and of 
land within the curtilage of buildings. 

Scale answering the same purpose. 



Scales well suited for the working 
surveys and land plans of great 
engineering works, and for en- 
larged parliamentary plans. 

(Scale 8 is that prescribed in the stand- 
ing orders of parliament for "cross 
sections'' of proposed railways, show- 
ing alterations of roads.) 

Scale of plans of part of the ordnance 
survey of Britain, from which the 
maps beforementioned are reduced. 
Well adapted for land plans of en- 
gineering works and plans of estates. 

Scale suited for similar purposes. 
Smallest scale prescribed by law for 
land or contract plans in Ireland. 
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Ordinaiy Designatton 



Scale. 



(11.) 8 chains to an inch, . 
(12.) 100 feet to an inch,. 



(18.) 88 feet to «i inch, or ) 
60 indies to a inile, ) 

(14.) 63*86 inches to a mile,... 



real 
Dimensions. 



(15.) 44 feet to an indi, «r 
120 indMH to a mSe, 



(16.) 126-72 inches to a mile. 



(17.) 80 fset to an inch,.. 



(18.) 20 fyst to an indi,. 

(19.) 10 feet to an inch,. 
>«bc. 



2,876 

1 
1,200 

1 
1,066 

1 

1,000 

Jl^ 

528 

500 

860 

1. 

240 

i- 

120 

&c. 



T7s& 



Seale of the Tithe Oommissioners' plans. 

Suited for the same purposes as the 

above. 
Scale suited for plans of towns, when 

not veiy intricate. 

Scale of ordaanoe plans of €bd less in- 
tricately built towns. 

Decimal Scale haying the same pro- 
perties. 

Scale of ordnance plans of the morel 
intricatelj built towns. 

Decimal scale having the same pro- 
perties. 



Scales for special pnrposesL 



2. Sections. 



Ordinary Designation 
of Vertical Scale. 



(1.) 100 feet to an inch. 



(2.) 40 feet to anindi. 



(3.) SO feet to an inch, 
(4.) 20feettoanan6h, 



Fraction 
of real 
Heij^t 



1,200 



480 



860 

1 

240 



Horizontal Scales 

witii which tiae 

Vertical Scale is 

nsiukUy combined. 



to 



16,840 10,660 



to 



4,800 3,S60i 



to 



8,960 2,876 
1 1 



to 



8,960 2,876 



Exag- 
geration. 



From 
18*2 to 8*8 



10 to 8*25 



11 to 6*6 
16i6to9'9 

&C. 



Use. 



Smallest scale permit- 
ted by the standing 
ordersof parliament 
for sections of pro- 
posed works. 

Smallestscale permit- 
ted by the standing 
orders of parliament 
for cross sections, 
showing alterations 
ofioad& 



Scales suitable for 
working sections. 
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Yertacal sections, on a large scale ( say j^ or jg^}, vad aoitlir 
U exaggemtion, are reqitiied mt ihe sites of i|>eckl works. 

BECnON m. — HULES BJSLATUSG'TO SUETBTDfO. 



1. C?hatniMg ma a WmeUwUf — K«4««liov tm Hm I^ereL — The 

correction is always to be subtracted &t>m ±he distance as mea- 
fiuved. 

When the angle of inclination has been measured by a " clino- 
meter" or other angular instrument: — Correction in links per 
chain = 100 x versed sine of inclination. 

When thcTertical 'ML in links f(»: each diam df dij^iauce on the slope 
is known : — Correction in links per chdxi = 100 - ^/lO,000 — fall^. 

When the slope is gentle : — Correctian in links per chain = ^^r^ 

nearly. 

1a. lExpamaion of Meanivtas B«d« md cshafais. — ^Increase of length 
by an elevation of temperature of 100® Cent. = 180° Fahr. : — brass, 
000216; bronze, 00181; copper, 0*00184; wrought iron and 
steel, 0-0012; cast iron, OOOll; platinum, 0-0009; glass, O0009; 
dry deal, 0-00043. 

2. To Set Out a RIgkt Ai^e by the Chala* — Choose anv two 

numbers; take the sum of their squares, the diflference of their, 
squares, and twice their product; those three numbers will be pro- 
portional — the first to the hypothenuse, and the other two to the 
two legs of a right-angled triangle, which is to be set out on the 
ground. 

For example: numbers chosen, 1 and 2; hypothenuse, 2^ + 1^ 
= 5; legs, 22-1 = 3, and 2x2x1 = 4. This is the 
most generally useM right-angled triangle. Other 

examples: 13, 12, 5; 25, 24, 7; 17, 15, 8; 29, 21, b^..^ 

20; &c V^ 

3. Tie-iiime. — In a chained triangle, ABC, fig. \ 
37, to find the length of a tie4ine, AD. Byealou- \ 
latioB, \ 

AD = V{^^-^^^^^^^-^P-BDCd} ' 

or by construction, drttw the triangle and measure -p^ 37 

A D on paper, lie measurement of A D on the 

ground is a check on the accuracy of the mftna^r^TOApt of A B. 

BC,CA. 
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4. To neamre Chip* in Station-Iiines by the Chain alone* 

Case I. — When the obstacle can be chained round, 
BuLE I. (see ^'g, 37.)^A and D being marks in the station- 
line at the nearer and further sides of the obstacle, set out a triangle, 
A B C, of any form and size that will conveniently enclose the 
obstacle, subject only to the conditions, that B and C 
are to be ranged in one straight line with D, and that 
the angles at B and C are neither to be very acute 
nor very obtuse. Measure with the chain the lengths 
A B, A C, B D, D C, and find the length of A D as a 
tie-line (Article 3.) 

BuLE IL (see ^g, 38.) — Let A and D be marks at the 

"^A nearer and fui-ther sides of the obstacle respectively. 

Bange A B, !D C at right angles to the station-line; 

^ make those perpendiculars equal to each other, and of 

Fig. 88. ^'^y loiigth that may be requisite in order to chain past 

the obstacle along B C, which will be parallel and equal 

to A D^ the distance required. 

BuLE III. (see ^g, 39.) — ^Let b and c be 

points in the station-line at the nearer and 

3jv further side of the obstacle respectively. From 

'S^ ^ A .^"^ \ * convenient station, A, chain the lines A 6, 

\^>^>.^ \ Ac, being two sides of the triangle k.bc: 
'^ ^^^4 connect those lines by a line, B C, in any 
C position which will form a well-conditioned 
triangle, ABC, of as large a size as is 
practicable : measure its three sides. Then 
Fig. 39. the inaccessible distance is given by the 

formula, 

;.. ^ //ajl2 a 2 (A6 + Ac)2-(A6-Ac)2 
^^=V{^^-*'^^- (AB-^AC)2^(AB-AC)2 ' 

(AB2 + AC2 - BC2). I 

The same formula applies to such positions of the connecting line ' 
as B' 0" and B" C" as weU as to BC. 

If A B and A C can be laid off so as to be respectively propor- 
tional to A 6 and A c, the triangles ABC and A 6 c become 
similar, BC is parallel to &c, and the inaccessible distance is 
simply 

In this method, as well as in the two preceding, the inaccessible 
distance may be found by plotting. 

Case II. — Wh^n it is impossible to chain round the obstacle. 



SURVEYING. 129 

Rule IV. (see ^g, 40.) — ^Let b and e be marks 
in the station-line at the nearer and further side | 
of the gap respectively. On the nearer side of the 
obstacle, range the stations A and 6 in a straight 
line with c, making the angle 6 c 6 greater than 
30°, and place them so that the intersecting lines 
Ah, ^a, connecting them with two points, a and 
h, in the station-line, shall form a pair of triangles, ' 
a 6 C, A B C, with no angle less than SO"*. Mea- 
sure the sides of those triangles, and compute the t 
inaccessible distance 6 c as follows : 

a6'A6'BC " Fig.40. 

^^-CAaB--A6-BC 

As a check upon the position thus found for the point c, com- 
pute also the inaccessible distance B c ad follows : 

AB'aB'6C 
"*^^""CaA6 — aB-6Cr 

This problem is solved graphically by plotting the figure ab 
c A B C a, and producing a b and A B till they intersect in c. 

Bulk V. (see fig. 41.) — When the inaccessible 
distance BD does not much exceed three or four 
chains. At B set out BC perpendicular to the 
station-line, and of a length such as to make the 
angle at D not less than 80°. At C range CA 
perpendicular to C D, cutting the station-line in A 
Measure A B, B ; then 

BC2 



BD = 



^ ^* Fig. 41. 



When angtUar instruments are used, a gap in a station-line is 
measured by making it one side of a triangle, of which the angles 
and another side are given. 

5, nieasiiHiig Areas of liand. — ^Almost all areas of land are made 
up of parallelograms, trapezoids, and triangles (see Bules at page 
63), with the addition or subtraction of strips contained between 
stnught station-lines and irregular boundaries (see Bules for " Any 
Plane Area," pp. 64 to 67.) For Land Measures, see p. 95. 

6. RefereDces to Boles of Trigonometry. — ^The following are tho 

roles of trigonometry chiefly used in surveying by angles : — 

For Plane Tricmgles; 1, 2, page 53; and sometimes 3 and 4, 
pp. 53, 54; and 6, page 55, 

"Egt Triangles so large as fc be sensibly spherical; the rule for 
spherical excess, page 55', and the approximate rules, 
page 58. 
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The three angles of every triangle should be measured, if possible, 
as a check upon accuracy. 

7. Bednction •£ Angles f» the CoMve of the Slallmi. — ^When the 

theodolite cannot be planted exactly at a 
station in a trigonometrical survey, but 
has to be placed at a short distance to one 
side of it, the angle actually measured 
between two objects is reduced to the angle 
which would have been measured had the 
theodolite been exactly at the station, by a 
correction which is calculated approxi- 
I^^ 42. mately as follows ; — 

In £g. 42, let be the station, D the 
position of the theodolite, A and B two objects; A D B the hori- 
zontal angle between them as measured at D; A C B the required 
horizontal angle at the station C. 

Measure C D, and the angle ADC; calculate A C and C B 
approximately as if A C B were equal to A D B; then 

A /^T* A xv-n oA^o/?iir o i^ TV ( sin AD C sinBDC) 
ACB=rADB — 20626i\SCI>< — ^-^ g-g — > 

The above formula gives the correction in seconds when D lies 
to the right of both C A and C B. When it lies to the left of 
C B, sin B D C changes its sign; when to the left of C A, sin 
ADC changes its sign. 

8. BednctioB of Sextant-Angles to the I^erel* — To find with a 

reflecting instrument the horizontal angle between two objects that 
are not at the same level with the observer's eye. For an approxi- 
mate method, set up a vertical pole in a line with each object, and 
measure the horizontal angle between the poles. For an accurate 
method, measure the angle between the objects themselves, and to 
take also the angle of altitude or depression of each. Find the 
zenith distance of each object by subtracting its altitude from, or 
adding its depression to, 90^ 

In fig. 43, let O represent the observer's station; O B, O C the 
^ directions of the objects; B O C the angle between 

them; O D E a horizontal plane; DOB and EOC 
the altitudes of the objects; O A a vertical line, and 
A D E a spherical surface. 

Then, in the spherical triangle ABC, the three 
sides are given — viz., A B and A C, the zenith dis- 
tances, and B C, the angle between the objects; and 
the horizontal projection of that angle, being equal ^ 
to the angle A, may be computed by the proper formula. (See 
page 57.) 
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9. PffrfBiMg mwMmnm Ammmu — In fig. 44, let D be the station 
afloat whose position is to he determined; and A, B, C^ three 
known fixed objects^ <Mr landmarks, whick 
ought not to he in or near tiie circnmferenoe 
of one circle lasbversing D. With a sextant 
(or, better still, with two sextants) measure 
the angles A D B, B D C j if practicable also^ 
with a third sextant, measure the angle 
ADG=s ADB + BDO, aa acheck onthe 
accuracy of those angles. Then to plot the 
position of D, let A, B, and be shown on 
the plan. Erom A dcaw A E, making the 
angle A E = D B: from C draw E, 
making the an^e A E = A D B, and cutting A E in E : 
through the three points A, 0, E describe a circle : through E 
and B draw a straight line cntting the circle in D ; D will be the 
required station on the plan. 

Or otherwise, — On a piece of tcadng paper draw tiiree straight 
lines radiating from one point, so as to make with each other 
angles equal to A D B and B D C. Lay it on the plan, and 
shSt it about till the three lines traverse A, B, and C respectively; 
the point from which they diverge being pricked through on the 
plan, will give the position of D. 

In the instrument called the station-pointeTf three straight arms 
turning about one centre, and set to make any given angles with 
each other by means of a graduated arc, answer the purpose of the 
three lines on the tracing paper. 

Section IV. — ^Kules belating to LsvEixiNa and Sounding. 

1. Cmrrectton f&r Cwaemimwe and IftefiractioB. — ^The correction for 

the earth's curvature, to be avhtracted from the reading of a 
levelling-stafi^, is foimd as follows : Divide the square of the dis- 
tance imm. the level to the staff by the earth's diameter (41,800,000 
feet neariy, or 12,740,000 metres nearly). 

Or otheryrise, — Take two-thirds df tibe square of the distance in 
statute miles for the correction in feet. 

The correction for refitiction, to be added to the reading, is very 
variable and uncertain. On an average it may be taken at one- 
sixtli, of the correction for curvature. 

Correction for curvature and refraction combined, to be svht/racted 
from the reading on the staff, — average value about 

s= -,_-_ = 0*56 foot X (distance in statute miles)^. • 

6 Earth's diam. ^ ' 

2. iiereuing by AnglM. — ^This process is approximate only. 
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BuLE I. — Find the. distance between the two objects whose 
difference of level is required. 

Measure the angle of altitude of the higher object as seen from 
the lower, and (at the same instant, if possible) the angle of depres- 
sion of the lower object as seen from the higher. (These are called 
reciprocal 'angles,) Take the half sum of those angles, and by its 
tangent multiply the horizontal distance between the objects : the 
product will be their difference of level 

BuLE IL — ^When one angle only can be taken, it must be cor- 
rected for curvature and refaction. The correction for curvature 
\o be added to altitudes aod subtracted from depressions is one- 
half of the contained arc; which contained a/rc is computed, in 
minutes, by dividing the horizontal distance, if in feet, by 6,076, or, 
if in metres, by 1,852. The correction for refraction is uncertain ; 
but on an average it may be allowed for by diminishing the correc- 
tion for curvature by one-sixth of its amount. 

3. i^erelliiig hj the Barometer. (Approximate only). — Let the 
quantities observed be denoted as follows : — 

Temperatures of the 

Heights Mercory, bj Air, by 

Stations. of Mercurial "^ attached" "detached** 

oolnnm. Thermometer. Thermometer. 

Higher, h t t' 

Lower, H T T'. 

Then, height of the higher station above the lower, for feet and 
Fahrenheit's scale, 

= 60360 1 log. H — log. A— -000044 (T— <) } .(l ^"^^^^y, 

and for metres and the Centigrade scale, 

= 18400 1 log. H — log. h -^•00008(T — <) I • (l + ^^ . 

Common logarithms are used in both formulae. (See page 303.) 
- In the absence of logarithms, for heights not exceeding about 
3,000 feet, or 1,000 metres, correct the mercurial column at the 
hig:her station as follows : — 

difference of level for feet and Fahrenheit's scale, 

^„,^oH-A'A T' + <' — 64\ 

and for metres and the Centigrade scale. 
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4. lierellteg by Uae BoUing-p^Int of Pure J¥uter. — ^Let boUiDg- 

point = T. Calculate z as follows : for feet and Eahrenheit's scale^ 

z = 517 (212** — T) + (212^ — T)2; 

or for metres and the centigrade scale, 

z = 284 (100^ _ T) + (100^ — T)2; 

the difference of the values of z at two stations will be their 
difference of level, nearly. 

5. Bednctiov of Sonndinga. — ^Take the difference between each 
sounding and the height of the surface of the water above the 
datum of the survey at the instant when the sounding was made, 
as found by a tide register. According as the sounding is the 

{«^},thatdifferenceiBthe(JgJofthebottom{JJ-} 

the datum. 

In the absence of direct observations of the tide, the height of 
the surface of the water above the datum may be calculated approxi- 
mately as follows : — Divide the time before or after high water at 
which the sounding was taken by the whole duration of the rise or 
fidl of the tide, and multiply the quotient by 180®; this gives the 
tidal cmgle. Multiply the cosine of the tidal angle by half the 

total rise of the tide; t^^e product is to be | ^^^^^^^^^^^ } the 

height of the mean tide-level above the datum, according as the 

tidal angle is | ^^ V . (See page 53, line 2.) 

Duration of the rise or fall of tide on an open coast, about 6h. 
12m. In |iarrow channels the duration of the rise is less, and that 
of the fisdl greater. 



Section V. — ^Rules belating to Setting Out. 

1. fleltlBg Out Centre I^ines of Rail war Carres. 

ItuLE I. (see ^g. 45). — To 
find the radius of a circular 
arc which shall touch succes- 
sively three given straight lines, 
BD, D E, EC. Measure the 
middle straight line DE, and 
the acute angles at D and E. 
Then 



Eadius 



= DE^( 




tan-g^ + tan ^ 
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Bttli IL— To find the points of contact, B, ¥, C. 

D E 

DB = DF=radiiisxtan-^j EF=EC=radiusxtan-^. 

BuLE III. — To calculate the lengths of the arcs BF and F C. 

B Fsradins x circular measure of D. 

F C = radius x circular measure of K 

(Circular measure = angle in minutes x '0002909 

= angle in degrees x 0*017453^ 
see also pages 39 and 41 .) 

Bulk IY. — ^To calculate the angle subtended at any station in 
the circumference of a circle by an arc of that circle of a given 
length; divide the length of the arc by the radius, and multiply 
the quotient by 1718*873; the product will be the angle at the 
circumference in minutes : or, otherwise, convert the quotient into 
minutes of angle at the centre, by Table 4 K, page 39, and divide 
by 2 for the angle at the circumference. 

If the station is at one end of the arc, the angle in question is 
that between the tangent and the chord of the arc. 

Bulb Y.-*To calculate approximately the chord of an arc of a 

given length in a circle of a 
given radius; from the length 
of the arc subtract the cube 
of that length, divided by 24 
times the square of the radius. 
Bulb YL — To set out a 

/L//y^ circular curve of a given 

^/^ radius touching two given 

-'^ straight lines in given points, 

B, C, fig. 46. 

It is convenient (though not 
Pig. 46L always necessary) to find the 

middle point of the curve. 
For that purpose, range, by means of the theodolite, the line A D 
bisecting the angle at A, where the tangents intersect; and lay off 
the distance,-— 

A D = r • f cosec Y^" 1 ) > 

then will D be the middle point of the curve. 

The points B and C (and also D, if marked) should be marked 
by stakes, distinguished in some way from the ordinary stakes, 
which are driven all along the centre line of the proposed railway 
at equal distances of one chain^ or 100 feet, or some other uniform 
distance. 
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Any one of tlie points B, C, or D will answer as a station for 
the theodolite in ranging the curva When the length of the curve 
exceeds about half a mile^ the middle pointy D^ is the best station, 
as regards accuracy and convenience. 

The following is the process of ranging the curve with the theo- 
dolite planted at its commencement, B : — 

For brevity's sake, the distance between the stakes which mark 
the centre line of the proposed railway will be called "a chain,'* 
whether it is 66 feet, 100 feet, or a greater distance. 

Let 0, in fig. 46, represent the last stake in the portion of the 
straight line immediately preceding the curve; the distance B 1 
from the commencement of the curve to the first stake in it will b© 
the difference between one chain and o B. The angle at the cir- 
cumference subtended by the arc B 1 having been calculated by 
Rule rV., is to be laid off by the theodolite fi:om the tangent 
B A, the zero-point of azimuth being directed towards A The 
line of coUimation will then point in the proper direction for 
the first stake in the curve, 1 ; and its proper distance from B 
being laid off by means of the chain, its position will be deter- 
mined at once. 

The angles at the circumference subtended by B 1 + 1 chain, 
B 1 + 2 chains, B 1 + 3 chains, &c., being also calculated and laid 
off from the tangent B A in succession, will respectively give the 
proper directions for the ensuing stakes,* 2, 3, 4, &c., which are 
at the same time to be placed successively at uniform distances of 
one chain by means of the chain. 

The difference between an arc of one chain and its chord, on any 
curve which usually occurs on railways, is in general too small to 
cause any perceptible error in practice, even in a very long 
distance; but should curves occur of unusually short radii, calcu- 
late the proper chord by Bule Y., and set it off from each stake 
to the next, instead of one chain, the length of the arc. 

When the curve is ranged with the theodolite at D, or at any 
other intermediate point in the curve, or at its termination, C, the 
process is precisely the same, except that the zero-point of azimuth 
is to be turned towards B instead of A; and that when the chain 
passes the theodolite station (for example, in going from stake 4 
to stake 5 in ^g. 49, with the theodolite at D), the telescope is to 
be turned completely over. 

When the inequalities of the ground make it impossible to range 
the entire curve from the stations B, D, and C, any stake which has 
already been placed in a commanding position will answer as a 
station for the theodolite. 

The stakes or poles, after having been ranged by the theodolite, 
should have their positions finally checked and adjusted by the 
method of ofisets, for which see page 137. 




136 BT7LES m ekgikeejRikg geodesy. 

Rule YII. (see fig. 47). — To set out a circular curve of a given 
radius^ r, touching two given straight lines, A B, A C, when the 

point of intersection of those lines, A, is 
inaccessible. 

Chain a straight line, D E, upon acces- 
sible ground, so as to connect the two 
tangents. The position of the transversal 
D E is arbitrary; but it is convenient so 
to place it that it will cut the proposed 
p. jm ^ curve in two points, which may be deter- 

mined, and used as theodolite stations. 
Measure the angles A D E, A E D, which may be denoted by 
D and E. Then the angle at A is 

A = 180^ — D-Ej 

ATv Tv-nSinE . ^ Tvx^sinD 
AD = DE -r— ri AE = DE- .— r-; 

sinA smA 

A A 

DB = r'cotan-jj^ — AD; EC = r'cotan ^— AE; 

and by laying off the distances D B and E as thus calculated, the 
ends of the curve B and C are marked, and it can be ranged froni 
either of those stations as in Kule VI. 

But it is offcen convenient to have intermediate points in the 
curve for theodolite stations; and of those the points of intersec- 
tion with the transversal H and K, and the point G, midway 
between these, can be found by the following calculations, in mak- 
ing which a table of squares is useful (page 11) : — 

Let F be the point on the transversal, midway between H and K. 

If B D = C E, the point F is at the middle of D E. If B D and 
C E are unequal, let B D be the greater; then the position of F is 
given by either of the two following formulae : — 

DE BD2-CE2 DE BD^-CE^. 

^*- 2 ■*■ 2DE ''>^^— 2 2DE 

The points H and K are at equal distances on each side of F, 
given by the following formula : — 

F H = F K = ^ (D F2 - B D2) = ^ (E F^ - C E2). 

The point G in the curve is found by setting off the ordinate 
F G perpendicular to D E, of the following length : — 

FG = r- Vr2-FH2. 
The angles subtended at the c&nire of the curve by the several 
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arcs between the commencement B and the points H, G, K, C, are 

as follows : — 

F H 
Angle subtended at the centre by B H = D — ai-c • sin . 

— — — — BG = D; 

FH 

— — — — B K = D + arc • sin : 

T 

— — — — BC=D + E; 

and the length of any one of those arcs may be computed by means 
of Rule III. 

KuLE VIII.^ — ^To set out a circular curve touching two given 
straight lines^ when part of the curve is inaccessible to the 
chain. 

If the point of intersection of the tangents is accessible, the two 
ends of the curve are to be determined and marked as in Bule I., 
and also the middle point of the curve, unless it lies on the 
inaccessible ground ; and the length of the curve is to be computed 
by Rule III. 

If the point of intersection of the tangents is ioaccessible, the 
two ends of the curve, and at least one intermediate point, are to 
be determined and marked by the aid of a transversal, as in Bule 
VII., and the lengths of the arcs bounded by those points are to 
be computed. 

A transversal may be useful even when the point of intersection 
of the tangents is accessible. 

Each of the points thus marked will serve either as a theodolite 
station, or as a station to chain from, or for both purposes; and the 
stakes lying between the obstacle and the next station beyond it 
are to be planted by chaining backwards from that station. 

Rule IX. — To set out a circular curve by offsets commencing at 
a given point on a straight line (fig. 48). 

Let A be the commencement of the 

curve ; A B the prolongation of th6 

straight line (being a tangent to the 

curve) ; and B the end of the chain when 

laid along that prolongation from the 

last stake in the stiuight line. Plant 

a small pole at B, calculate the offset Fig. 48. 

AC2 
B C by the formula B C = 7^ — ^-. — : shift the fend of the chain, 
^ 2 radius' ' 

and the pole along with it, sideways from B to C, keeping the 

chain tight, and leave the pole at C. 

Brag the chain onward in the prolongation of A O; range a 

pole at D in a straight line with A and C, and at one chain's di»> 
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tance ^m C; shift the pole and the end of the chain through the 

oflfeet D E, calculated by the formula, D E = -^ — -r-. — . 

Drag the chain onward; range a pole at F in a straight line 
with C and E, and at one chain's distance from E; shift the pole 
and the end of the chain through the of&et F G, calculated by the 

CE2 

formula F G = —r: — ; leave the pole at G, and repeat the same 

process for the rest of the curve. 

This method is clumsy and tedious ds a means of ramdntr curves ; 
but it is very useful for testing the uniformity of^ature of 
curves already tanged, and for rectifying the positions of individual 
stakes to the extent of an inch or two. 

Rule X. — To set out a circular curve by successive bisections 
of arcs. 

This is a method to be used only in the absence of angular 
instruments. It depends on the following relation between the 
versed sine of an angle B and that of its half: 

,r^^;« -^ -i - /- versin B 
versin 



i-.-v~ 



To apply this principle, let 
B A, C A, in fig 49, be the two 
tangents, and B and the ends 
of the curve, so placed that A B 
and A C shall be equal, but 
leaving the radius to be found by 
'^* • calculation. Measure the chord 

BC. 

To find the radius, bisect B C in E, measure A E, and make 

ABBE 




radius = 



AE 



Calculate the versed sine of the angle A B E = B, which is that 
subtended at the centre by one-half of the curve, as follows :— 

AB-BE 



versin B = 



AB 



and by means of the first formula of the rule (using a table of 

B B B 

squares, if one is at hand) calculate the versed sines of -^y — , -^, 

<S^c., in succession, observing that versin B enables one intermediate 

B B 

point in the curve to be found, versin ^, three points, versin ^ 
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seyen points; aad generally, that versin -^ enables 2* +^ — 1 in- 
termediate points in the curve to be found. 

From the middle, E, of the chord B C, and perpendicular to it, 
lay off the ofiset E D = r versin B; D will be the middle point of 
the curve. 

Chain and bisect the chords B D, D C, and from their middle 
points, and perpendicular to them, lay off the ofi&ets 

B 

H K = I L = r versin -^; 

K and L will be points in the curve, midway respectively between 
B and D, and between D and C ; and so on until a sufficient 
number of points have been marked by poles. 

Then chain round the curve as ranged by the poles, and drive 
stakes at equal distances apart 

The uniformity of the curvature may be finally checked by 
Rule IX. 

2. Cant of Bails of a Carre. — ^Divide the square of the greatest 
ordinary speed of a train by the radius of the curve, and by a 
divisor whose values are as follows : — 

For speed in feet per second and radius in feet, 32; 

For speed in miles per hour and radius in feet, 15; 

For speed in metres per second and radius in metres, 9*8. 

Multiply the quotient by the gauge of the rails; the product will 
be the cant required, in the same sort of measure with the gauge. 

Ft In. Metros. 

British narrow gauge, 4 8^= 1435 
British broad gauge, 7 = 2*134 
Irish gauge, . . 5 3=: 1*600 

Half of the cant should be given by raising the outer rail iabove tho 
level of the centre line, and half by depressing the inner raiL 
Examples of cant in feet for 40 miles an hour : — 

Gftuge. 
Ft In. 

4 8^ .,. 500 -^ radius in feet. 

5 3 ... 560 -7- radius in feet. 
7 ... 747 -T- radius in feet. 

Additional cant for cylindrical wheels at • speeds not exceeding 12 
miles an hour, 600 feet -r- radius in feet. 

3. To Base Change* of Cnrratare (Frovd^S Method), 

Begin by ranging the centre line as a series of straight lines and 
circular arcs, by the rules of Article 1 of this Section. Calculate 
the cant of each curve by the rule of Article 2. 
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KuLE I. — Compute the several changes of cant at the junctions 
of curves with straight lines and with each other^ obsei*ving that 
the change of cant between a straight line and a curve is simply 
the cant of the curve ; that if two adjacent curves are cuiyed in 
the same direction, the change is the difference of cant; and that if 
they are curved in reverse directions, the change is the sum of the 
two cants. 

Multiply the greatest change of cant by 300; the product will be 
the length of the curve of adjustrrvent, 

E.ULE II. — Compute, for each circular arc of the series, the ahifi 
as follows : — 

Shift = (length of curve of adjustment)* h- 24 radius. 

Then shift the poles by which a given circular arc is marked 
inwards (that is, towards the centre of curvature of the arc) through 
the distance computed by the above formula. For example, in 
fig. 50, let A B, B C be a pair of consecutive circular arcs, marked 




Fig. 60. 

by poles, and joining each other at their point of contact, B. Let 
B E, B F be the sh^a proper to those two arcs respectively; after 
all the poles have been shifted, they will mark the arcs D E, F G, 
having a gap between them at £ F, equal to the sum of the two 
shifts, if the arcs are curved in reverse directions, or the difference 
of the shifts, if the arcs are curved in the same direction. Straight 
lines are not to be shifted; so that where a curve joins a straight 
line, the gap is simply the shift of the curve. 

Rule III. — Set out the " curve of adjustment " I H K as follows : — 
For its middle point bisect the gap £ F in H. For its ends I and 
K lay off £ I and F K, each equal to half its length, as computed 
by Rule L For intermediate points in the division I H lay off 
ordinates at right angles from a series of points in the circular arc 
I £, proportional to the cubes of the distances from I; and for 
intermediate points in the division K H lay off ordinates at right 
angles from a series of points in the circular arc K F, proportional 
to the cubes of the distances from K. 

Let a denote the length I K of the curve of adjustment; 
6, the gap E F, or sum of the shifts; 



Formula for ordinates, y = - ,^^,:^,(*^^ = '000,001,11 a*. 
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X, the distance, measured on the circular arc, of any point 
from I or from K, as the case may be; 
the ordinate; then 

ExAMPLK — ^A curve of 20 chains radius (= 1,320 feet), with 
cant suited to a speed of 40 miles an hour on a narrow gauge line, 
is to be connected with a straight line. 

Cant (see p. 139) = 500 feet -f- 1,320 = -3788 foot; 
Length of curve of adjustment, a = '3788 x 300 =7 113*6 feet; 
Shift for circular arc = (113-6)2 « 24 x 1,320 = -407 foot; 
(As the -arc is to join a straight line, this is also = the gap b.) 

4 X -407 a^ 
(113-6)5 

Rule FV. — ^To connect a circular arc and a sti*aight line, or two 
eircular arcs, which do not touch or cut each other, by means of a 
curve of adjustment. Fig. 50 illustrates the case where two arcs 
curved in reverse directions are to be connected; ^g, 51, that in 
which two arcs curved in the same direction are to be connected. 

Find the pair of points at which the arcs or lines to be con- 
nected are nearest to each other. This is best done by lirst finding 
two pairs of points at which the 
lines to be connected are at equal 
distances apart; the pair of points 
required will be midway between 
those two pairs of points. Let £ 
and F be the pair of points thus 
found; measure the gap E F, then ^' °^' 

calculate the half-length of the curve of adjustment by means of the 
following formula, in which r and r' denote the radii of the arcs to 
be connected : — 




£ 



I=FK = y {6EF.g=±=^)}; 



the sign h- or — being used in the denominator, according as the 
directions of curvature are reverse or similar. If one of the lines 
to be connected is straight, 1 -5- / is to be made = 0; so that the 
formula becomes 

EI = FK= ^6 E F • r. 

The curve of adjustment is now to be set out by ordinates, as in 
Rule IIL 



4. Breadth •f F«nBaa«m mf a BaUwaj. — The following are ex» 

amples :— 
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Single Linb. oSS* 

Ft In. 

Clear space outside of rail, 4. o 

Head 01 rail,.. < o 2^ 

Gause, 4 84 

Head of rail, o 24 

Clear space outside of rail, 4 o 

Least breadth of top of ballast ; and 1 

least width admissible for archways, > 13 li 

&c., traversed by the railway, ) 

Spaces for slopes of ballast, and ( f-^-^ ^ jqi ) 

benches beyond them, on em- ] *^^ 2 jq? ( 

Total breadth of top of embank- ) from 17 o ) 

ments, { to 22 o } 



Irish 


Broad 


Chuige. 


Gauge. 


Ft In. 


Ft la 


* ®. 


4 


2j 


24 


5 3. 


7 


24 


24 


4 


4 



13 » 



4 4 



18 o 



15 S 



9 2 



24 7 



DnrrRTF T.twf Narrow Irish Broad 

Ft In. Ft In. Ft In. 

Clear Space outside of nul, 40 40 40 

Head ot rail, 02^ o 24 o 24 

Oauce, - 4 84 53 70 

Head of rail, o 24 o 24 o 24 

Middle space (called the "aixfeet^^^) 60 60 60 

Head of rail, o 24 o 24 o 24 

Gauge, 4 84 53 70 

Head of rail, o 24 o 24 o 24 

Clear space outside of rail, ^ 40 40 40 

^^^^^mmm^m ^^^^^mmm^m mimm^^mmmmi^ 

Least breadth of top of ballast ; and ) 

least width admissible for archways, > 24 3 25 4 28 10 

&c., traversed by the railway, ) 

Spaces for slopes of ballast and ( a^.^ ^ ^ ) 

trenches beyond them, on em- -Sx^ loC ^^ 9^ 

bankments, ( ^9) 

tTotal breadth of top of embank- { from 28 o ) «^ ^ -c ^ 

ments, f. | to 33 o\ 30 o 3» Q 

Additional width at bottoms of cuttings, from to 9 feet 

Arches over the railway are seldom made of the minimnm spans 

shown by the foregoing tables, except in the case of tunnels. Bridges 
over narrow gauge lines are usually of the following spans : 

over a single line, from 16 to 18 feet; 
over a double line, from 28 to 30 feet. 

5, HvMidiiis of Slopes of Earthworic — Let h denote the central 
depth of the piece of earthwork, whether cutting or embankment; 

b, the half-breadth of its ba«M^, or formation; 



MENSURATION OF EABTHWORK. 



143 



Bj the rate of slope of the earthwork; that is, a horizontal to 1 

vertical; 
r, the rate of sidelong slope of the natural ground, if any; 

that is, r horizontal to 1 vertical ; 
B, the required breadth of the slope of the earthwork, 

Casb I. — In ground level across, B = « A. 

Casb II. — ^In ground that slopes away from the base, 

r — 8 \ r/ 

Case III. — In ground that slopes towards the base, but without 
intersecting it; 

B = -Lf-(h-^). 
r -h 8 \ r/ 

Case rV. — ^In ground that intersects the base between the centre 
line and the edge of the earthwork, 



r — 8 \r / 



Section YI. — Rules relating to Mensuration op Earth 

WORK. 

1. 8ectf«iiftl Aremm •f Eautliwork..— Figs. 52, 53, and 54 repre- 

^ 5.- 

6- c a B 





Fig. 62. Fig. 53. 

sent examples of cross-aecHons of pieces of earthwork, in each of 
which D E is the base, A B the 
natural surface, and D A and E B 
are the slopes. 

Figs. 52 and 53 represent cut- 
tings; to represent embankments, 
conceive them to be turned upside 
down. 

Fig. 54 represents a piece of earthwork, of which one side, 
Q E B, is in side cutting, and the other, Q D A, in embankment. 

The following are the symbols used in the rules:— 
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Natural slope of the ground, r (horizontal) to 1 (vertical). 
Slope of the earthwork, 8 (horizontal) to 1 (vertical). 

Half-breadth of base, D F = F E = 6. 

Central depth, C F=: A. 

Area of cross-section, A, 

In many measurements of earthwork having sections such as 
figs. 52 and 53, it is convenient to suppose the slopes produced 
till they meet at K, and to calculate or measure the following 
quantity : — 

Augmented depth, C K = 7i + — = A;. 

To find h by direct measurement in a longitudinal section of 
earthwork, draw a line parallel to the formation line of the work, 

and at the vertical distance - below it in cuttings, or above it in 

embankments. Depths measured from that line to the surface of 
the ground will be augmented depths. 

KuLE I. — ^When the ground is level across; 

A = triangle A B K - triangle DEK = «A;2 

Or oth^ertviae, — 

EuleIa.. 

A = rectangle D G H E + 2 triangle AT> G =z 2h h + sh^. 

KuLE II. — ^When the ground has an uniform sidelong slope, not 
intersecting the base, as in ^, 53, 

A = triangle A B K - triangle D E K =z-^—^ • A;2 - -. 

Rule III. — ^To find the augmented depth in ground level across, 
of a cross-section of earthwork equal to a given cross-section in side- 
long sloping ground ; take a mean proportional between the aug- 
mented depths measured from K vertically to the two edges A and 
B respectively; that is to say, in fig, 53, parallel to D E, draw A M 
and B P, cutting the vertical centre line in M and P; then make 

A;'= V(KM-KP); 

and the area may be found by Iltde I., as follows : — 

A = «^'2^?.^^.KMKP--. 

8 8 

Rule IV. — ^When the ground has a sidelong slope intersecting 
the base at Q, in fig. 54. Let A' be the larger and A" the smaUer 
division of the cross-section. 

A' = triangle Q E B = ^t^^^'j 
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A" = triangle Q D ^^ (^"-^^y 
° 2 (r — s) 

% Tolames or Qaantilics of Earthwork. — ^KULE I. — When a 

series of equidistant cross-sections are given, see p. 72, Article 5; 
also the rules there referred to, A, B, C, pages 64 to 66. 

Rule II. — ^When the piece of earthwork to be measured is a 
"prismoid," as shown in page 74, fig. 12, use the rule given in 
that page below the figure. 

The most simple algebraical expression of that rule, as applied to 
the- present case, is as follows : — The prismoidal piece Of earth to 
be measured is to be considered as formed by a wedge of a cross- 
section such as A B K in ^g, d2 or fig. 53, from which is taken 
away a wedge of uniform cross-section such as D E K. 

Let X denote the length of the piece of earth; k^ and ^2> *^® 
values of the aTigmerUed depth C K at its two ends; then. 

Volume =:a:- 1 gp-^-(^ + (^^ + hf + kl^ - - f 

The last formula is specially suited for calculation by the aid of 
a table of squares. 

When the ground is level across, the co-efficient of the first term 
becomes simply =: 8, 

The quantity in brackets by which the length x is multiplied is 
the mean sectional area. 

If the measurements are in feet, the preceding rules give 
quantities in cubic feet. To reduce these to cubic yards divide 
by 33 = 27. 

Bule III. — ^When earthwork on sidelong ground occurs on a 
sharp curve. By the rules of pages 142, 143, calculate the half- 
breadths (A L, B N, fig. 53) required for the two slopes; take 
their difference, and divide it by three times the radius of the curve; 
the qiiotient is to be added to or subtracted from 1, according as 
the greater half-breadth lies from or towards the centre of the 
curve. The restdt will be a factor by which the area A B K in 
fig. 53 — ^that is, the first of the two terms of the formula in Rtde II., 
pige 144 — is to be mtdtiplied. From the product subtract the area 
D E K; the remainder will be an area modified for curvature; 
then proceed as in Bu^Le I. of this Article, 
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PART IV. 

BTTLES AND TABLES RELATING TO DISTRIBUTED 
FORCES AND MECHANICAL CENTRES. 

1. specific ChpmTiijr (as stated at page 102) is the ratio of tlie 
weight of a given bulk of a given substance to the weight of the 
same bulk of pure water at a standard temperature. In Britain 
the standard temperature is 62° Fahr. = 16° -67 Cent. In France 
it is the temperature of the maximum density of water = 3°'94 
Cent. = 39°-l Fahr. 

In rising from 39°*1 Fahr. to 62° Fahr., pure water expands in 
the ratio of 1*001118 to 1; but that difference is of no consequence 
in calculations of specific gravity for engineering purposes. 

Rule I. — ^To find the specific gravity of a solid body that is 
heavier than water approximately, by experimeAt. Weigh it in 
air, and again weigh it immersed in pure water. Divide the 
weight in air by the lo$s of weight when immersed (or buoyaTicy)', 
the quotient will be the specific gravity. 

Rule II. — ^When the body is lighter than water, weigh it in 
air; then load it with a piece of a substance heavier than water, 
and large enough to make the light body sink, and weigh them in 
water together. Also weigh the heavy body separately, in air and 
in water. Subtract the buoyancy of the heavy body from the 
buoyancy of the two bodies together; the remainder will be the 
buoyancy of the light body separately; by which its weight in air 
is to be divided as before. 

Rule III. — To find approximately the specific gravity oi a 
liquid; weigh some convenient solid body in air, in pure wat^, 
and in the given liquid; divide the buoyancy or loss of weight in 
the given liquid by the buoyancy in water; the quotient inR be 
the- required specific gravity. 

RuuB rV". — To find approximately the specific gravity of a solid 
body that is soluble in water; ascertain its buoyancy in some liquid 
which does not dissolve it, ai^d whose specific gravity is known ; 
divide the weight in air by the buoyancy in that liquid, and 
multiply the quotient by the specific gravity of the liqtdd. 

The approximate character of all those rules arises from their 
not taking account of the buoyancy due to the pressure of the air, 
whether on the body weighed or on the weights ; but for ordinary 
practical purposes the error so occasioned is immaterial. 
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2. The HeaTiness of any substance (as stated at page 102) is the 
weight of an unit of vohune of it in units of weight. 

In British measures heaviness is most conveniently expressed in 
lbs, (woirdupois to the cubic foot; in French measures, in hUo- 
grammes to the cubic dedmstre. 

Rule Y. — Given, the specific gravity of a substance; to find its 
heaviness; multiply by the heaviness of water. 

(In British measures 62*4 lbs. to ike cubic foot is near enough 
for practical purposes; in French measures no calculation is 
needed, heaviness and specific gravity being identical.) 

3. The Denaity of a substance is either the number of units of 
mass in an unit of volume (see page 104), in which case it is equal 
to the heaviness,—- or the ratio of the mass of a given volume of 
the substance to the mass of an equal volume of water^ in whicli 
case it is equal to the specific gravity. 

In its application to gases the term " Density" is often used to 
denote the ratio of the heaviness of a given gas to tiiat of air, at 
the same temperature and pressure. 

4. The BaUdBCM of a substance is the number of units of volume 
which an unit of weight fills; and is the reciprocal of the heaviness. 
(See Table of Beciprocals, page 11.) 

In Briti^ measures bulkiness is most conveniently expressed in 
cubic feet to the lb, a/imrdupois; in French measures, in cubic deci- 
metres to the kilogramm>e, 

BuLE VI. — Given, the specific gravity of a substance; to find 
its bulkiness; divide the bulkiness of pure water by the specific 
gravity of the given substance. 

(In British measures 0*01602 cubic foot of pure water to the lb. 
is near enough for practical purposes; in French measures the 
bulkiness of pure water is 1.) 

5. Effect •f Heat mn BoikineM.— Bise of temperature produces 
(with certain exceptions) increase of bulkiness. 

BuLE VII. (For perfect gases). — Given, the bulkiness of a 
perfect gas at the temperature of melting ice; to find its bulkiness 
under the same pressure at any other temperature; multiply by 
the given temperature, as reckoned from the absolute zero (see page 
105), and divide by the absolute temperature of melting ice (274° 
Cent. = 493°-2 Fahr.) 

BuLE VIII. (Approximate rule for water). — ^Divide the given 
temperature by 500° Fahr. or 278° Cent ; divide 500° Fahr. or 
^8° Cent, by the given ahsdvie temperature; multiply the half- 
sum of the quotients by the least bulkiness of water (0*01602 cubic 
feet to the lb., or 1 cubic decimetre to the kilogramme); the product 
will be the required bulkiness nearly enough for practical purposes. 

£xAMPLE.-^Given, temperature on common scale, 212° Fahr.; 
that iB, 212° + 461°-2 = 673°2 Fahr., absolute. 
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5 ( K(\(\ ■*■ fiToTo) ~ 1*^4:5, ratio in which the bulkiness is 
increased (the exact ratio is 1*04775, so that the error is about 

-V 

4ooy' 

0-01602 X 1-045 = 0-01675 cubic foot to the lb.; bulkiness 

required, nearly 

= 59*7 lbs. to the cubic foot; corres]K)nding heaviness, 
nearly. 

The following are the rates of expansion in bulk, in rising from 
the freezing point (0° Cent, or 32° Fahr.) to the boiling point (100° 
Cent, or 212° Fahr.) of some materials : — 

Perfect gases, 0-365 

Air at ordinary pressures, 0-366 

Pure water, 0'04775 

Sea-water, ordinary, 0*05 

Spirit of wine, 0-1112 

Mercuiy, ,0-018153 

Oil, linseed and olive, 0-08 

Brass, 0-0065 

Bronze, 0-0054 

Copper, , 0-0Q55 

Cast iron, 0*0033 

Wrought iron and steel, 0-0036 

Lead, 0-0057 

Tin, o-oo66 

Zinc, 0-0058 

Brick, common, .....o'oio6 

„ fire, 0-0015 

Cement, 0-0042 

Glass (average), 0-0027 

Slate, 0-0031 

6. Effect of Preamire on BalkineM of Perfect Oases. — Given, the 
bulkiness of a perfect gas at a given temperature and under the 
absolute pressure of one atmosphere; to find the bulkiness at 
the same temperature under any other pressure; divide by the 
absolute pressure in atmospheres (see page 115). 

7. Expiavatfon of ihe Tables. — ^Table I. is a general table of 
heaviness in lbs. to the cubic foot for gases, liquids, and solids, and 
of specific gravity for liquids and solids. Table II. gives the 

heaviness of earth in lbs. to the cubic foot and to the cubic yard. 
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Table III. gives the heaviness of various kinds of rock in lbs. to 
the cubic foot, and to the cubic yard; and the bulkiness in cubic 
feet to the ton. Table IV. gives, for various metals, the weights of 
a cubic inch (column A) ; of a bar a foot long and an inch square 
(column C); of a round rod a foot long and an inch diameter 
(column B) ; of a plate a foot square and an inch thick (column D) ; 
of a cubic foot (column E); and of a sphere one inch in diameter 
(column F). To find the weight of one foot of a round rod of 
a diameter given in inches ; multiply the number in column B by 
the square of the diameter. For the weight of a foot of a cylin- 
drical tube, multiply the number in column B by the difference of 
the squares of the outside and inside diameters. For the weight 
of a solid sphere, multiply the number in column F by the cube of 
the diameter. For the weight of a hollow sphere, multiply the 
same number by the difference of the cubes of the outside and 
inside diameters. 



I. — General Table op Heaviness and Specific Gravity. 

Weight of a cabio 
foot in 

Gases, at 32° Fahr., and under one atmosphere : i^- avoirdupoia 

Air, 0*080728 

Carbonic acid, 0*12344 

Hydrogen, 0*005592 

Oxygen, 1 0*089256 

Nitrogen, 0*078596 

Steam (ideal), 0*05022 

-^ther vapour (ideal), 0*2093 

Bisulphuret-of-carbon vapour (ideal), 0*2 1 37 

Olefiwitgas, 0*0795 

Liquids at 32" Fahr. (except Water, ^^^«}^ ?', » <«wo spedflo 

1 . , . *i , . ^ ^f, , . ' foot in gravity, 

wnich IS taken at 39'*'l Fahr.) : Iba avoirdupois. pare water = 1. 

Water, pure, at 39°*i, 62*425 1*000 

„ sea, ordinary, 64*05 1*026 

Alcohol, pure, 49*38 0*791 

„ proof spirit, 67'i8 0*916 

^ther, 44*70 0*716 

Mei-cury, 848*75 I3*59^ 

Naphtha, 52*94 0*848 

Oil, linseed, 58*68 0*940 

w olive, 57*12 0*915 

„ whale, 57*62 0*923 

„ of turpentine, 54'3i 0*870 

^ Petroleum, 54*81 0*878 
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Weight of ft oabio Spedilo 

foot ia gravis, 

lbs. ftYoirdapoia. pare water = 1. 

Solid Mineral Substances^ non-metallic : 

Basalt, 187-3 3*00 

Brick, 125 to 135 2 to 2'i6i 

Brickwork, iia i'8 

Chalk, 117 to 174 i*87 to 2-78 

Clay, .....* 120 1*92 

Coal, anthracite, 100 1*602 

„ bituminous, 77*4 to 89*9 1*24 to 1*44 

Coke, 62*43 ^ 103*6 i*oo to 1*66 

Felspar, 162*3 ^'^ 

Hint, 164*2 2*63 

Glass, crown, average, 156 2*5 

,, flint, „ 187 3*o 

„ green, „ 169 2*7 

„ plate, „ 169 2*7 

Granite, 164 to 172 2*63 to 2*76 

Gypsum, i43'6 2*3 

limestone (including marble), 169 to 175 2*7 to 2*8 

„ magnesian, 178 2*86 

Marl, 100 to 119 1*6 to 1*9 

Masonry, 116 to 144 1*85 to 2*3 

McHiar, 109 1*75 

Mud, 102 1*63 

<2uartz, 165 2*65 

Sand fdamp), 118 1*9 

„ (dry), 88*6 1*42 

Stmdstone, average, 144 2*3 

„ various kinds, 130 to 157 2*08 to 2*52 

Shale, 162 2*6 

Slate, 175 to i8i 2*8 to 2*9 

Trap, 170 2*72 

« 

IfxTALS, solid : 

Brass, cast, 487 to 524*4 7*8 to 8*4 

» wire, 533 8*54 

Bronze, 524 8*4 

Copper, cast, 537 8*6 

„ sheet, 549 8*8 

„ hammered, 556 8*9 

Gold, 1186 to 1224 19 to 19*6 

Iron, cast, various, 434 to 456 6*95 to 7*3 

„ average, 444 711 

Iron, wrought, various, 474 to 487 y6 to 7*8 
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Weight of a cubic Specific 

foot in gravity, 

Vba. avoirdupois. pure water = I. 

Mktals, solid^ — continued. 

Iron, wrought, ayerage, «. 480 7 '69 

Lead, 713 11-4 

Platinum, 1311 to 1373 21 to 22 

Silver, 655 10*5 

Steel, 487 to 493 7'8 to 7-9 

Tin, 456 to 468 7*3 to 75 

Zinc, 424 to 449 . 6*8 to 7*2 



TOfBEB : * 

Ash, 47 0753 

Bamboo, 25 0*4 

Beech, 43 0*69 

Birch, 44*4 0*711 

Blue-Gum, 52*5 0*843 

Box, 60 0*96 

Bullet-tree, 65*3 jx>46 

Oabacalli, 56*2 0*9 

Cedar of Lebanon, 30*4 0*486 

Chestnut, 334 0*535 

Cowrie, 36*2 o'6J9 

Ebony, West Lidian, 74*5 i.*^93 

Elm, 34 0*644 

Fir: Bed Pine, 30 to 44 0*48 to 07 

„ Spruce, 30 to 44 0*48 to 0*7 

„ American Yellow Pine,.. 29 0*46 

„ Larch, 31 *o 35 05 to 0*56 

Oreenheart, 62*5 i*ooi 

Hawthorn, 57 0*91 

Hazel, 54 0*86 

HoUy, 47 0*76 

Hornbeam, 47 0*76 

Laburnum, 57 0*92 

Lancewood, 42 to 63 0*675 to i*oi 

Larch. See "Fir." 

Lignum-Vitse, « 41 to 83 0*65 to 1*33 

Locust, 44 0*71 

Mahogany, Honduras, 35 0-56 

„ Spanish, 53 0*85 

Maple, 49 0*79 

Mora, 57 0*92 



* The Timber in every case is siq>p08ed to be djrjR. 
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Timber, — contintiecL 

Oak, European, 

„ AmericaD, Bed,. 

Poon, 

Saul, 

Sycamore, 

Teak, Indian, 

„ African, 

Tonka, 

Water-Gum, 

WiUow, 

Yew, 



Weight of a cubio 

foot in 
lbs. aTOirdnpois. 

43 to 62 
54 

60 

37 
41 to 55 

61 

62 to 66 

625 

25 
50 



Spedflo 

gravity; 

pore water =L 

0*69 to o*99 

0-87 

0-58 
0*96 

0-59 
0-66 to 0-88 

0-98 

o*99 to I '06 

I '00 1 

0-4 
0-8 



II. — Heaviness op Earth. 

Cubic Foot Cubic Yard. 

Chalk, from 117 to 174 lbs. from 3160 to 4730 lbs. 



Clay, 

Gravel and Shingle,.... 

Marl, 

Mud, 

Sand, dry, 

„ damp, 

Shale, 



9> 



V 



120 to 135 

9oto iio 
100 to 119 

102 

89 

118 

162 






)9 



39 



39 



» 



3240 to 3645 


39 


2430 to 2970 


33 


2700 to 3210 


33 


2750 


33 


2400 


J> 


3190 


3r - 


4370 


V 



III. — Heaviness and Bulkiness op Bock. 



Lbs. iu one 
Cubic Foot 

Basalt, 187 

Chalk, 117 to 174 

Felspar, 162 

Flint, 164 

Granite, 164 to 172 

Limestone, 169 to 175 

„ magnesian, 178 

Quartz, 165 

Sandstone, average, .... 144 
„ different ) x -*. 

kkids, } ^30 to 157 

Shale, 162 

Slate (Clay), 175 to 181 

Trap, 170 



Lbs. in one 
Cubic Yard. 

^060 

... 3160 to 4730 

4370 
4430 

... 4430 to 4640 
... 4560 to 4720 

4810 

4450 

3890 

... 3510 to 4240 

4370 

... 4720 to 4890 

4590 



• •• 



• • 



Cubic Feet 
to a Ton. 



• • 



12 

I9'i to 12*9 

13-8 

13-6 

136 to 13 
13*2 to 12*3 

12*6 

13-6 
156 

i7'2 to i4'3 

13-8 

12*8 to 12*4 

13-3 
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IV. — Cubes, Rods, Plates, Bars, and Spheres. 

A. Bw 0. D. E. F. 

P„w« -^n?^ ^^^ Rate, p„w„ Sphere, 

Inch. I'tlong l^txl ^ j^ foot ^ 

liiLdiam. in.xlin. '^ ^ "*• ***«.**». 

lbs. lbs. lbs. lbs. Ibsi 

Brass, cast, average,... 0-298 2-81 3-58 43-0 516 0*156 

„ wire, 0-308 2-91 3-70 44-4 53'3 0-162 

Bronze,. 0303 286 364 437 524 0159 

Copper, sheet, 0-318 2-99 3-81 4575 549 o-i66 

„ hammered, ... 0-322 3*03 3-86 46-3 556 o*i68 

Iron, cast, average, ... 0-257 2-42 3-08 37-0 444 0-134 

Iron,wrought, average, 0-278 2-62 3-33 40-0 480 0-146 

Lead, 0-4x2 388 4-94 59-3 712 0-216 

Steel, average, 0-283 2-67 3-40 40*8 490 0-148 

Tin, average, 0-267 2-52 3-21 38-5 462 0-140 

Zinc, average, 0*252 2*38 3-03 36*3 436 0-132 

8. Centre of Orarltj — ^aioiiient of Weight. — ^RULE I. — The centre 

of gravity of a body of uniform heaviness is its centre of magnitude. 
(See pages 81 to 88.) 

Rule II. — To find the moment of a body's weight relatively to 
a given plane of moments; multiply the weight by the perpendicular 
distance of the body's centre of gravity from the given plane. 

Note. — In comparing together or combining the moments of 
weights which lie some at one side and some at the other side of a 
plane of moments, those moments are to be distinguished into 
positive and negative, according to the sides of the plane at which 
the weights lie. 

Rule III. — To find the common centre of gravity of a set of 
detached bodies; find their several moments relatively to a con- 
venient fixed plane ; find the resultant of those moments by adding 
together, separately, the positive and negative moments, and 
taMng the dilQference between the two sums, which will be positive 
or negative according as the positive or negative sum is the greater. 
Divide that resultant moment by the total weight; the quotient 
will be the perpendicular distance of the common centi'e of gravity 
from the fixed plane; and its positive or negative sign vill show at 
which side of the plane that centre lies. If necessary, repeat the 
same process for a second and a third fixed plane, so as to deter- 
mine the position of the required centre completely. The two or 
three planes (as the case may be) are usually taken perpendicular 
to each other. 

Rule IY. — To find the centre of gravity of a body consisting of 
parts of unequal heaviness; find separately the centres of those 
parts, and treat them as detached weights by Rule IIL 
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9. M^Heat of iMrtia wmA Badins of «]miti«n.~-RuLE I. — To 

find the moment of inertia of a body about a given axis; conceive 
tlie body divided into an indefinite number of small parts; multiply 
the mass (or weight) of each part by the square of its perpendicidar 
distance from the axis; the limit towards which the sum of all 
the products approximates as the parts become smaller and more 
numerous will be the required moment of inertia. 
. BuLE !!• — Given, the moment of inertia of a body about an axis 
traversing its centre of gravity in a given direction; to find its 
moment of inertia about another axis parallel to the first ; multiply 
the mass (or weight) of the body by the square of the perpendicular 
distance between the two axes, and to the product add the given 
moment of inertia. 

KuLE III. — Given, the separate moments of inertia of a set 
of bodies about parallel axes traversing their several centres of 
gravity; required, the combined moment of inertia of those bodies 
about a common axis parallel to their separate axes; multiply the 
mass (or weight) of each body by the square of the perpendicular 
distance of its centre of gravity from Uie oommon axis; add 
together all Uie products, and all the separate moments of inertia; 
the sum will be the combined moment of inertia. 

ErULE lY. — ^To find the square of the radius of gyration of a 
body about a given axis; divMe the moment of inertia of the body 
about the given axis by the mass (or weight) of the body. 

KuLE Y. — Given, ike square of the radius of gyration of a body 
about an axis traversing its centre of gravity in a given direction; 
to find the square of the radius of gyration of the same body about 
another axis parallel to the first; to the given square add the 
square of the perpendicular distance between the two axes. 



10. — ^Table op Squares op Baihi op GTSAinoir. 



Boot, 


Axis. 


BADnr&s 


I. Sphere of radios r,» .^....w 

XL Spheroid of revolution— polar semi- 
azia Of equatorial radiua r,» ^ 

nL EUipsoid—oemi-axes a» 6, e, .«^. 

IV. Spherical ahell — eztemal radius r, 


Diameter 
Polar axis 

Diameter 
Diameter 


2r> 
5 

2r« . 
5 

5 

2(r» — r'*) 

2r« 
3 


Y. Spherical shell, insensibly thin— ra- 
divar, thickness <2r, »• 



&ADIUS OP OYKATIOlf — CENTRE OP PERCUSSION. 
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BODT. 



VL Circular cylinder — ^length 2a, radius r, 

Vn. EQiptio cyliiider— length 2a, trans- 
yerse semi-axes &, c, 

VUL Hollow circular cylinder— length 2a, 
external radius r, internal /, 

IX. Hollow circular cylinder, insensibly 
thin — ^length 2a, radius r, thickness 
dr, 

X. Gireular cylinder — ^length 2a, radius 

n 

XL Elliptic cylinder — ^length 2a, t^rans- 

XXL Hollow circular cylinder — ^length 2a, 
external radius r, internal /, 

XI II. Hollow circular crlmder, insensikly 

thiifc—radius r, Uiickness dr,^,^,,,, 

XIV. Rectangular prism—dimensions 2a, 

26,2c 

XY. Bhombic prism — ^length 2a, diagonals 
26,2c 

XVL Bhombic prism, as above, 



Axi& 



Longitudinal 
axis, 2a 


2 


Longitudinal 


6«+c« 


axis, 2a 


4 


Longitudinal 
axis, 2a 


2 


Longitudinal 
axis, 2a 


r* 


Transverse 
diameter 


4 ■*'3 



Transverse 
axis, 26 

Transverse 
diameter 



diameter 
Axis, 2a 

Axis, 2a 
Diagonal, 26 



BADinas 



4+T 



^•^^1 



a* 



2'*'~3 

6«+c« 
3 

6«+c» 
6 

6 + 3 



II. Camera «€ P c g c— ton — E^Hlralemt 

L — ^To find Uie centre of percussion of 
fk given bodj turning about a giveo 
axis. 

In fig. 55, let XX be the given 
axis, and G the centre of gravity of 
the body. From G let fall G C perpen- 
dicular to X X. Through G draw G D 
parallel to X X, and equal to the 
radius of gyration of the body about 
the axis G D. Join C D. The n will 

C E = D = JW^TQQ?^ = the 
radius of gyration of the body about 
XX From D draw D B perpen- 




Fig.65. 
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dicular to C D, cutting C G produced in B. Then will B be the 
centre of percussion of the body for the axis X X. 

GD2 
To find B by calculation; make G B = ^-^ . 

C is the centre of percussion for an axis traversing B parallel 
to XX. 

BuLE II. — ^To convert the body into an "equivalent simple 
pendulum" for the axis X X, or for an axis through B parallel to 
X X; divide the mass of the body into two parts inversely 
proportional to G C and G B, and conceive those parts to be 
concentrated at C and B respectively, and rigidly connected 
together. 

(Let W be the whole mass, and C and B the two parts; then 

^ WGB ^ WGC\ 

^ = "CBT/ ^ " ""CB"-; 

(The "equivalent simple pendulimi'* has the same weight with 
the given body, and also the same moment of weight, and the same 
moment of inertia, with the given body, relatively to an axis in 
the given direction X X, traversing either C or B.) 

12. EqiiiTalent Bing, or E^niTaleat Fly-wheel. — ^When the given 

axis tmverses the centre of gravity, G, there is no centre of per- 
cussion. The moment of the body's weight is nothing, and its 
moment of inertia is the same as if its whole mass were concentrated 
in a ring of a radius equal to the radius of gyration of the body. 
That ring may be called the "equivalent ring," or "equivalent 
fly-wheel." 

13. The Centre ef Prensiire in a plane surface is the point 
traversed by the resultant of a pressure that is exerted at that 
surface. 

ItuLE. — Conceive that upon the pressed surface as a base, there 
stands a prismatic solid of a height at each point of that surface 
proportional to the intensity of the pressure (page 103); the point 
in the pressed surface at the foot of a perpendicular from the centre 
of magnitude of the solid (pages 81 to 88) will be the centre of 
pressure. 

The following are particular cases : — 

I. Uniform ^resanre.— When the intensity is uniform, the centre 
of pressure is at the centre of magnitude of the pressed surface. (See 
page 83.) 

II. Uniformly Varying Prensure.— When the intensity of the 
pressure varies simply as the perpendicular distance from a given 
axis, the centre of pressure is at the centre of percussion of the 
pressed surface, relatively to that axis (see page 155); the surface 
being regarded as a thin plate of imiform thickness and 
heaviness. 



CENTRE OF PBESSUBE— CENTBE OF BUOYANCT. 



157 



Examples of Centres of Uniformly-varying Pressure. 

In each of tlie following examples the greatest perpendicular 
distance of any point of the pressed surface from the axis is denoted 
by h; and that of the centre of pressure from the axis by h. 



FiOTJSX OF Prbssbd Subfacb. 



Parallelogram, 

Triangle, 

Triangle, 

Semicircle or semi-ellipse,... 

Circle or ellipse, 

HoUow rectangle, — 

outer dunensions, 6 x A, 

inner dimensions, b'xh\.,„ 

Hollow square. A' — A'*,.... 

Hollow ellipse, — 

outer dimensions, 6 x A, 

inner dimensions, b'xh\,„ 
Hollow circle, — 

outer diameter, A, 

inner diameter, h' 



Axis. 



One edge. 

One edge. 

Through an angle, 
and parallel to the 
opposite edge. 
Diameter. 

Tangent. 

One edge 

of the 

outer boundaiy. 

Do. 

( Tangent to ) 
< the outer > 
( boundary. ) 

Do. 



* = 



1^ 

0*58905A. 

2'^6h{bh — b'hy 
2A Nl 

A. bh^--b'h'^ 
2'^8h{bh'-b'h'y 

8 "^SA* 



14. The Centre of Bnoyancy of a solid wholly or partly immersed 
in a liquid is the centre of gravity of the mass of liquid displaced. 
The resultant pressure of the liquid on the solid is equal to the 
weight of liquid displaced, and is exerted vertically upwards 
through the centre of buoyancy. 
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PAET V. 

BXJLES RELATING TO THE BALANCE AND STABILITY 

OF STRUCTURES. 

SEcnoN I. — CoMPOsrrioiir and Resolution op Forces. 

1. The ResDltant vf a Ofotribated Force.— RuLE I. — To find the 

resultant of a body's weight; find the centre of gravity of the body 
(as in page 153); the resultant will be a single force equal to 
the weight, acting vertically downwards through the centre of 
gravity. 

Rule II. — To find the resultant of a pressure; find the centre of 
pressure (as in page 156); the resultant will be a single force equal 
in amount to the pressure, and acting in the same direction and 
through the centre of pressure. (The amount of the pressure is 
equal to the area of the pressed surface, multiplied by the mean 
iniensity of the pressure, and is also equal to the weight of the 
imaginary prismatic solid mentioned in page 156, Article 13.) The 
mean intensity of an unifomdy va/rying pressure is its intensity at 
the cent/re ofTnagnitude of the pressed surface. (See page 49.) 

2. Besaltant of Forces acting through one Point. — RULE III.— - 

If the forces act along one line, all in the same direction, their 
resultant is equal to their sum ; if some act in one direction and 
some in the contrary direction, the resultant is their ailgdyraical swm; 
. that is to say, add together separately the forces which act in the 
two contrary directions respectively; the difference of the two 
sums will be the amount of the resultant, and its direction will be 
the same with that of the forces whose sum is the greater. 

Rule IY. — If the forces act along 
two lines, X, Y {^g, 56), lay off 
O A and O B along those lines, to 
represent the magnitudes of the 
given forces; through A draw AC 
parallel to OB; through B draw 
B C parallel to O A, and cutting 
A C in C; join O C; the diagonal 
O C will represent the resultant 
required, in direction and magni- 
Fig. 66. tude. 
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Formula for finding the magnitude of O C by calculation : 
0C = a/|0A2 + 0B2 + 2 A-OBcosAOB. i 

FormulaB for finding the direction of O C by calculation : 
8inA0C = sinA0B-g^; sin BOO = sin AOB-^. 

Rule Y. — Given, the directions of three forces which balance 
each other, acting in one plane and through one point; construct a 
triangle whose sides make the same angles with each other that 
the directions of the forces do; the proportions of the forces to each 
other will be the same with those of the corresponding sides of 
that triangle. 

To solve the same question by calculation; let A, B, C, stand 
for the magnitudes of the three forces; A O B, B O C, C O A, for 
the angles between their directions; then 

sinB0C:8inC0A:sinA0B::A:B:a 

Each of those three forces is equal and opposite to the resultant 
of the other two. 

Rule VI. — To find the resultant of any number (F^, Fg? ^3> 
&c., fig. 57) of forces in different direc- 3 

tions, acting through one point, O. p ^^^/\ 

Commence at the point of application, *.,^^^,^^ 'y ,''""' / \ 
and construct a chain of lines repre- ^^ ^or^^ — ^ — -^^ 
senting the forces in magnitude, and ^^^V^^'^'^'xi^ 

parallel to them in direction, (O A = i^ — -V — ^''^' a> 

and||Fi, AB = and| Fg, B C = and f^V-'l 

II Fg, &C.) Let D be the end of that *'^' ^^• 

chain; join O D, this will represent the required resultant; and 
a force (Fg) equal and opposite to O D will balance the given 
forces. 

(This rule is applicable whether the forces act in one plane or in 
different planes.) 

3. BesolntloB of a Force into Inclined Components. — A single 
force may be resolved into two inclined components in the same 
plane acting through the same point, or into three inclined com- 
ponents acting through the same point but not in the same plane. 

Rule VII. Two Components, — In ^g 6^, page 158, let O C be the 
given force, and O X and O T the directions of the required com- 
ponents. Through C draw C A parallel to O Y, cutting O X in 
A, and C B parallel to O X, cutting O Y in B; O A and O B 
will be the required components; and two forces respectively 
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equal to and directly opposed to these •will balance O C. For the 
proportionate magnitudes of the components, see Article 2 of this 
section, Bule Y., page 159. 

BuLE YIII. Two Rectangula/r Components, — ^When the directions 

of the required components are perpen- 
dicular to each other, let E. denote the 
resultant, or force to be resolved; X and 
Y the required components, » and /3 the 
angles which they make respectively with 
R Then 

« + /3= 90^; X = R cos « = R sin/8; 
Y = E, cos /8 = R sin «; 

X2 + Y2 = R2 

Observe that cosines of obtuse angles are 
negative. (See page 53, line 2.) 
Rule IX Three ComponerUa. — In fig. 

58, let O H represent the given force 
which it is required to resolve into three component forces, acting 
in the lines O X, O Y, 6 Z, which cut O H in one point O. 

Through H draw three planes parallel respectively to the planes 
Y O Z, Z X, X O Y, and cutting respectively O X in A, O Y in 

B, O Z in C. Then will O A, OB, O C, represent the component 
forces required. 

Rule X. Three Rectangidar Comporienta, — ^When the directions 
of the three required components are perpendicular to each other, 
let R denote the resultant, or force to be resolved, X, Y, Z, the 
required components, and «, /9, y, the angles which they respec- 
tively make with R Then • 




Fig. 68. 



cos 2« 



+ COS 2^ + cos 2y = 1; X = R COS «; 

Y = R COS /3; Z = B COS y; X2 + Y2 + Z2 = B2 

Observe that cosines of obtuse angles are negative. (See page 53, 
line 2.) 

4. BeftHltant of any Nnmber of lacUned Forces Acting throngh 

one Point. — To solve the same question by calculation that is 
4Siolved in Bule VI. by construction. 

BuLE XI. (When the forces act in one plane) — ^Assume any 
two directions at right angles to each other as axes; resolve each 
force into two components (X, Y) along those axes; take the 
resultants of those components along the two axes separately 
^ X, 2 Y) ; these will be the rectangular components of the reszUta/nt 
^ of all the forces y that is to say, 



R = y/|(SX)« + (2Y)2}j 



COUPLES. 
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«nd if « be the angle which E. makes with X, 

2X . 2 Y 

cos « = -^FT-j sia » = 



R 



R 



KULE XII. (When the forces act in different planes). — ^Assume 
tJaj three directions at right angles to each other as axes; resolve 
each force into three components (X, T, Z\ along those axes; take 
the resultants of the components along the three axes separately 
(2 X, 2 Y, 2 Z); these will be the rectangvla/r components of the 
resultant of all the forces; and its magnitude and direction wUl be 
given bj the following equations :— 

R =a/|(2X)2 + (2Y)2 + (2Zf\. 



cos » = 



2X 

R 



; cos fi = 



2Y 2Z 

^;cosy = -^. 




Fig. 69. 



5. c««ples.~In ^g. 59, let F, F, represent a couple of equal, 
parallel, and opposite forces, applied to a rigid body, and not acting 
in the same line ; L, the ])erpendicular 
distance between their lines of action; 
then F is the force of the couple, 
L the arm, span, or leverage; and the ^ 
product force x leverage = F L, is the 
statical moment of the couple, which is 
right or left-handed according as the 
couple tends to turn the rigid body, as 
seen by the spectator, with or against the hands of a watch. (For 
measures of statical moment, see page 104, Article 7.) Couples of 
the same moment, acting in the same direction, and in the same 
plane or in parallel planes, are equivalent to each other. 

Rule XIII. — To find the resultant moment of any number of 
couples acting on a rigid body in the same plane, or in parallel 
planes. Take the sums of the right-handed and left-handed 
moments separately; the difference between those sums will be 
the resultant moment, which will be right-handed or left-handed 
according to the direction of the moments whose sum is the 
greater. 

Rule XIY. — ^To represent the moment of a couple by a single 
line. Upon any line perpendicular to the plane of the couple, set 
off a length proportional to the moment (O M, fig. o9), in such a 
direction that to a spectator looking from O towards M, the couple 
shall seem right-handed. The line O M is called the aods of tho 
couple. 

Couples as represented by their axes are compounded and 
resolved like single forces, by Rules I. to XIL of this section. 
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KuLE XV. — To find the resultant of a single force, F, applied 
to a rigid body at O, and a couple^ M, acting on the same body in 

the same or in a parallel plane. 
Conceive the force, F, to be 
shifbed in that plane, parallel 
to itself, to the left if the couple 
is right-handed, to the right 
if the couple is lefb-handed, 
through a distance, O A, found 
by dividing M by F. The 
shifted single force, F acting 
through A, will be the resultant 
required. 




Fig. 60. 



(The combination of a single force with a couple acting in a plane 
perpendicular to the line of action of the force cannot be further 
simplified.) 

BuLE XVI. — ^To resolve a single force into a single force acting 
in a different but parallel line, and a couple. In fig. 6^, let F be the 
given force acting in the line E D, and B a given point not in £ D. 

Through B conceive a pair of equal and contrary 
forces to act in a line parallel to E D; viz., + F* 
equal to F and in the same direction; and — F' 
equal to F and in the contrary direction; also, 
let fall B A perpendicular to E D. Then the 
original force F acting through A, is resolved 
into the equal and parallel force F' acting 
through B, and the couple of forces F and — F*, 
with the arm A B and moment F x A B ; which 
^ couple is right or left-handed according as B lies 
to the right or IdTt of F, relatively to a spectator 
looking in the direction towards which F acts. 

F X A B is called the moment of the force F 
relaJtivdy to the point B; or relatively to the 
cuds O X traversing B in a direction perpen- 
dicular to the plane of F and AB; or relatively to a ^ne 
traversing B perpendiculai'ly to A B. 

6. Parallel Forces.— EuLE XVII. — To find the resultant of two 
parallel forces. The resultant is in the same plane with, and 
parallel to, the components. It is their sum or difference according 
as they act in the same or contrary directions; and in the latter 
case its direction is that of the greater component. To find its 
line of action by construction, proceed as follows : — Fig. &2 repre- 
senting the case in which the components act in the same direction, 
fig. 63 that in which they act in contrary directions. Let A D 
and B E be the components. Join A E and B D, cutting each 
other in F. In B D (produced in fig. 63), take B G = D F. 




Fig. 61. 
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Thr«m^ G draw a line parallel to the oomponentB; this will be 
the line of action of the resultant To find its inagnitade by con« 




struction : parallel to A E, draw B C and D H, cutting the line 
of action of the resultant in C and H; H will represent the 
resultant required ; and a force equal and opposite to C H will 
balance A D and B E. 

To find the line of action of the resultant by calculation; make 
either 



BG = 



AD'DB 
CH 



or D G = 



BEDB 
CH ' 



BuLE XVlIL — When the two given parallel forces are opposite 
and equal, they form a couple, and have no single resultant. 

Bulb XIX— To find the relative pro- 
portions of three parallel forces which balance 
each other, acting ii^ one plane; their lines 
of action being given. Across the three 
lines of action, in any convenient position, 
draw a straight line A C B, fig. 64, and 
measure the distances between the points 
where it cuts the lines of 'action. Then 
each force will be proportional to the dis- 
tance between the lines of action of the 
other two. The direction of the middle 
force C is contrary to that of the other two 
forces, A and B. 

In symbols, let A, B, and C, be the foi-ces; then, 




Fig. 64. 



A + B + C = 0; AB:BC:CA::C:A:B. 
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Each of the three forces is equal and opposite to the resultant of 
the other two ; and each pair of forces are equal and opposite to 
the components of the third. Hence this rule serves to resolve a 
given force into two paraUel components, acting in given lines in 
the same plane. 

Rule XX.— To find the relative proportions of four parallel 

forces which balance each other, not acting 
in one plane; their lines of action being 
given. Conceive a plane to cross the lines of 
action in any convenient position; and in 
^g, 65 or ^g, 66, let A, B, C, D, represent 
the points where the four lines of action cut 
the plane. Draw the six straight lines 
joining those four points by pairs. Then 
the force which acts through each point will 
be proportional to the area of the triangle 
Fig. 65. formed by the other three points. 

In ^g. 65, the directions of the forces at 
A, B, and C, are the same, and are contrary to that of the force at 
D. In ^. 66 the forces at A and D act in one direction, and 

those at B and C in the contrary direction. 
In symbols, 

A + B + C + D = 0; 

BCD:CDA:DAB:ABO 
;: A : B : C : D. 

Each of the four forces is equal and opposite to the resultant of the 
other three ; and each set of three forces are equal and opposite to 
the components of the fourth. Hence the rule serves to resolve 
a force into three parallel components not acting in one plane. 

BuLE XXI. — ^To find the resultant of any number of parallel 
forces. 

Case I. — ^When the parallel forces act all in one direction, the 
magnitude of their resultant is their sum. Consider the parallel 
forces as detached weights, and find the position of the common 
centre of gravity of those weights by Part IV,, Article 9, Bule III., 
(page 153); the line of action of the resultant will pass through 
that centra. 

Case II. — ^When the parallel forces act in two contrary direc- 
tions Find separately, as in Case I., the magnitudes and lines of 
action of the resultants of the forces which act in the two contrary 
directions respectively; if those two resultants are unequal, find 
the final resiQtant by Rule XYII. ; if they are equal, they form 
a couple, and have no single force as a resultant. 
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Section II. — Fbames, Chains, and Linear Ribs, 

1. Trlangolar and Polygonal Vramea. — A frame consists of bars 

connected together at their ends by joints which oflfer no sensible 
resistance to the turning of one bar into a different angular 
position relatively to the next, the resistance to such turning 
being given by the fixing of the farther ends of the bars alone. 
The point in a given joint about which such turning would take 
place is called the centre of resistance of the joint; the straight 
line joining the centres of resistance at the ends of a bar is called 
the line qfresistcmce of that bar. A bar is called a stmt, or a tie, 
according as a thrust or a pull is exerted along its line of resist- 
ance. A figure showing the centres of resistance and lines of 
resistance alone may be called the skeleton diagra/ra of a frame. 
"When a joint is spoken of as a point, its centre of resistance is 
meant; when a bar is spoken of as a line, its line of resistance 
is meant. 

When the balance and stability of a frame alone are in question, 
and not its strength, the load may be treated as if concentrated at 
the centre of resistance ; and if not actually so concentrated, the 
following rule is to be used : — 

HuLE I. — Given, the actual load distributed over a frame, whether 
arising from external forces or from its own weight, and the distri- 
bution of that load; to find the equivalent load concentrated at the 
centres of resistance of the joints. By the rules of the preceding 
section, and of Part IV., find the resultant of the load on each 
bar; then, by Rule XIX. of the preceding section (page 163), 
resolve each such resultant into two parallel components acting 
through the centres of resistance at the ends of that bar; then 
take the resultants of those components for each joint separately; 
those resultants will form the equivalent load required. 

Rule II. — Given, the load on a frame, and the line or lines of 
resistance of its supports; to find the supporting force or forces, 
commence by finding the resultant of the whole load by the rules 
of the preceding section, and of Part IV, 

Case I. — If there is but one support, its line of resistance must 
coincide with the line of action of the resultant of the whole 
load; and the supporting force must be equal and opposite to that 
resultant. 

Case II. — ^When there are two supports, their lines of resistance 
must be in the same plane with the line of action of the resultant 
load, and must either be parallel to it, or, if inclined, cut it in one 
point. If parallel, use Rule XIX. (page 163), or, if inclined, use 
Kule VII. (page 159) of the preceding section to resolve the re- 
sultant load into two components acting along the lines of resistance 
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of the supports; the two supporting forces will be equal and 
opposite to those oompon^its. 

Case IIL — ^When there are three supports, their lines of resist- 
ance must be either parallel to the line of action of the resultant 
load, or must cut it in one point. If parallel, use Rule XX. (page 
164), or, if inclined, use Rule IX. (page 160) of the preceding 
section, to resolve the resultant load into three components acting 
along "ike lines of resistance of the supports; the three supporting 
forces will be equal and opposite to those components. 

Rekark. — ^In all the following rules, those components of a 
distributed load which, as found by Rule I., rest directly on the 
supports of the frame, are understood to be left out of account; and 
the supporting forces are supposed to be determined eocclusive of 
such parts of them as are required in order to sustain such direct 
loads on the supports. 

Rule III. — To distinguish struts from ties. In fig. 67, let A C 
and B C be the lines of resistance of two bars of a frame meeting 

at the joint C. Produce those lines 
beyond C, as shown by CD, C E; 
and draw a line to represent the 
direction of the load at C. Then, if 
that direction lies between A C pro- 
duced and B C produced, as at 1, 
both bars are ties; if between A C 
produced and C B, as at 2, A C is a 
tie and B C a strut; if between C A 
and C B, as at 3, boUi bars are struts; 
if between C A and B C produced, as at 4, A C is a strut and B C 
a tie. 

Rehabk as to stability and instability. — A tie is stable, even 
although one or both ends are moveable. A strut is unstable, 
unless both ends are fixed. A frame composed altogether of ties 
is stable even although flexible. A frame containing struts must 
be stiffened, so as to fix their positions. 




Fig. 67. 





Rg. 68. Pig. 69. 

ULE IV. — Given, in a triangular Jrtxme 
ically, the skeleton diagram (fig. 68), tc 
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portions of the forces acting in the frame. Let A, B, C, be the 
three bars, 1, 2, 3, the three joints. Construct the diagram of 
forceSy ^g, 69, as follows : — From any point, O, draw 
O A, O B, O C, parallel to the lines of resiistance 
A, B, C, respectively; then across those three lines 
draw the vertical line ABO. Then the required 
proportions are as follows : — 



Load 
on 



Supporting 
Forces at 

2 : 3 



Stress Along 

A : B : C 




Fig. 71. 



::CA:AB;BC:OA:OB:OC; 

and from these proportions, if any one of the six 
forces is given, the other five may be found. 

From O, perpendicular to A B C, draw O H. 
This will represent the horizontal stress of the frame, which is the 
same in each bar. To find this and the other forces by calculation 
from the load A, let a, h, c, be the angles of slope of the thcee 
lines of resistance; then 

0H= <^^ 



tan c 



tan a' 



AB= OH-(tana=}=tanfe); B = O H • (tan 6 =±= tan c). 

fpr . r + ) is to be nsed when the two ) opposite directions 
^^ ( — J inclinations are in j the same direction. 

OA = OH-seca;OB=:OHsecfe;OC=rOH:-secc. 

BuLE V. — Given, in a polygonal frame, loaded and supported 
fjertically, the skeleton diagram, fig. 70, to find the relative pro- 
portions of the forces. Let A, B, 0, D, E be ihe bars; 1, 2, 3, 4, 5, 
the joints, of which 1, 2, 3 are loaded, and 4, 5, supported. Con- 
struct the diagrwm of forces, fig. 71, as follows: — From any pointy 
O, draw radiating lines, O A, O B, O C, &c., parallel respectively to 
the lines of resistance A, B, C, <kc., in ^, 70. Then draw a 
vertical line, A D, across the radiating lines. Then, taking the 
whole length, A D, to represent the whole load, the several parts into 
which that length is cut by the lines O B, O C, &c., will represent 
the parts of the load which mtist rest on the several loaded joints 
in order that the frame may be balanced. For example, B C in fig. 
71 represents the part of the load to be applied at the joint 2 in 
fig. 70, where the bars B and C meet. Also, the parts D £ and 
E A into which A D is divided by the line A E, parallel to the 
bar E, which connects the points of support, 4 and 5, in fig. 70, 
represent- the supporting forces at those points respectively. The 
lengths of the radiating lines O A, <&«., represent the stresses aloi^ 
the lines of resistance to which they are reflectively paialldL 
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Prom O let fell on A D the perpendicular O H. This will 
rq^resent the horizontxd stress of the frame. 

Kemarks. — By omitting from the skeleton diagram, fig. 70, the 
bar E, which connects the points of support, the frame becomes an 
open jframe, in which case the supporting forces become identical 
with the stresses along the outer bars, A and D, and are repre- 
sented by D O and O A in fig. 71. The obliquity of those forces 
renders ailmtments necessary at 4 and 5, and not mere vertical 
supports. 

The frame shown in ^g. 70 consists chiefly of struts, and is 
therefore unstable unless their ends are fixed by means of suitable 
stays. If the same figure be inverted, the bars which were struts 
become ties, and the fiame is stable, although flexible. 

KuLE VI. — Given, in a vertically-loaded polygonal frame, the 
load and its distribution, and the inclinations of the two outer bars, 
A and D, ^g, 70 ; to find the inclinations of the remaining loaded 
bars, in order that they may be balanced. In fig. 71 draw a ver- 
tical line, A D, to represent the whole load, and divide it into 
parts, A B, B C, &c., to represent the parts of that load which are 
to be supported at the several loaded joints. From the ends of 
that line draw A O and D O parallel to the lines of resistance of 
the two outer bars, and cutting each other in O; then draw 
radiating lines, O B, O C, &c., from O to the points of division of 
A-D; these will be parallel to the lines of resistance whose 
inclinations are required. 

KuLE VII. — Given, in a polygonal frame, vertically loaded, the 
total load and the inclinations of the lines of resistance of the two 
outer bars ; to find the horizontal stress, divide the load by the 
sum of the tangents of those inclinations, if they are conti'ary, or 
by the difference of those tangents, if the inclinations are similar. 

KuLE VIIL — Given, the skeleton diagram of a vertically-loaded 
polygonal &ame and the horizontal stress; to find how much of the 
load is supported between any two bars, multiply the horizontal 
stress by the difference of the tangents of the inclinations of the 
lines of resistance of those bars, if they slope the same way, or by 
the Sfwm of those tangents, if the lines of resistance slope contrary 
ways. 

KuLE IX. — Prom the same data, to find the stress along a given 
bar; multiply the horizontal stress by the secant of the inclination 
of the line of resistance of that bar. 

2. Braced Frames— method of Trianglea.— When the external 

forces applied to a frame, although balancing each other as an 
entire system, are distributed in a manner not consfstent with the 
equilibrium of each bar separately; then, in the diagram of forces, 
upon attempting to construct a scale of loads having its points of 
division on the radiating lines, as in fig. 71, gaps will be left in 
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Fig. 72. 



that scale. The lines necessary to fill np those gaps will indicate 
the forces to be supplied by means of the resistance of braces. 
These may be either struts or ties, connecting two or more joints 
together. 

The resistance of a brace introduces a pair of equal and opposite 
forces, acting along the line of resistance of the brace, upon the 
pair of joints which it connects. 

3. iriethod of Seciions Applied to Fraiiie«.--When a vertically- 
loaded braced frame is 
so designed that a 
vertical cross- section 
of it at any point 
cuts not more than 
three lines of resist- 
ance, the Tnelhod of 
sections may be ap- 
plied as follows : — The 
upper and lower bars,. 
as 13, 3 5, &c., and 
2, 2 4, 4 6, &c., in 
^g, 72, may be called 
the stringers, and the intermediate bars, 01, 12, 2 3, <fec., the 
braces. 

Rule I. — Given the skeleton diagram, and the load at each of 
the joints (1, 2, 3, <fec.), to find the stress exerted along any one of 
the stringers (as 3 5). Find the supporting forces by Kule II. of 
the last Ai^ticle (page 165). Then conceive the frame divided into 
two parts, by a section travei-sing the joint that is opposite 
the stringer imder consideration (for example, the joint 4, opposite 
the stringer 3 5). Take the resultant moment relatively to the 
joint 4 (see preceding section) of all the external forces which act 
on one of those parts. (That is to say, in the present example, 
take thB moment of the supporting force at the joint O, by 
multiplying it by its horizontal distance from 4; and from that 
moment subtract the moments of the several parts of the load 
which act at 1, 2, and 3.) From the joint (4) opposite the 
stringer in question, let fall a perpendicular (4 P) on the line of 
resistance of the stringer (3 5) ; divide the resultant moment by 
the length of that perpendicular; the quotient will be the stress 
along the stringer in question. To find whether that stress is 
thrust or tension, consider in which direction the resultant mo- 
ment tends to turn the part of the frame on which it acts about 
the joint (4); the stress will be of the kind which resists that 
tendency. (In the example the stress is thrust for the upper 
stringers, tension for the lower.) 

BuLE II. — ^To find the vertical component of the stress along a 
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stringer, multiply the whole stress by the difference of level of the 
ends of the stringer, and divide by the length of the stringer. 
If the stringer is horizontal, its stress has no vertical component. 
The stress of each stringer having been found, the next step is 
as follows: — 

KuLE III. — In the same case, to find the stress along' any one of 
the braces (for example, 3 4). Conceive the frame to be divided 
into two parts by a vertical section, S S, traversing the brace in 
question. Take the resultant of all the external forces which act 
. on one of those divisions. (That is to say, in the example shown^ 
from the supporting force at the joint O subtract the loads at the 
joints 1, 2, 3.) With that resultant combine the vertical com- 
ponents (if any) of the stresses along the two stringers cut by the 
section (in this case 3 5 and 2 4). The vertical component of the 
required stress on the brace will be equal and opposite to the final 
resultant found by the preceding processes, and being multiplied 
by the ratio in which the length of the brace is greater than the 
difference of level of it4 ends, will give the whole stress along 
the brace. 

4. liMuied Ckains. — ^RuLE I. — Given the figure of a loaded chain, 
O B A D; to find the position of the resultant load on any part of 
it^ A B, and the relative proportions of the forces acting on that 

part of the chain. Draw 
«\ y tangents, A P and B P, 

to the chain at the two 
ends of the part in ques- 
tion, cutting each other in 
P; the line of action of 
the resultant load on the 
part A B traverses the 
_. „ ^ • point P. Also, construct 

* *^- ' ^* a triangle (such as B P X), 

with its three sides parallel respectively to the two tangents and 
the resultant load: those three sides will bear to each other the 
relative proportions of the tensions at A and B, and the load sup- 
ported between A and R 

KuLE IL — Given, in a vertically'losLded chain, the total load, 
and the figure in which the chain hangs; to find the distribution 
of the load, and the tension at any point of the chain. (Construct 
the diagram of forces, fig. 74, as follows : — ^Draw a vertical straight 
line, C D, to represent the total load, and from its ends draw C O 
and D O, parallel to two tangents at the points of support of the 
chain, and meeting in O; those lines will represent the tensions 
on the chain at its point of support. 

Let A, in fig. 73, be the lowest point of the chain. In fiig. 74 
draw the horizontal line O A; this will represent the horizontal 
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component of the tension of the chain at eyeiy point, and if O B be 
parallel to a tangent to the chain at any point B, A B, in fig. 74, 
will r^reeent the portion of the load supported between A and B, 
and O B the tension at B. 

Kuus III. — Given, in a vertically loaded chain, the load and its 
distribution; the points of suspension, and C (fig. 
75), which points are supposed at the same level, 
and the horizontal tangent, H H', at the lowest 
point of the chain ; to construct the figure in which 
the chain will haug, By Bule XXL of the pre- 
ceding section (page 164), find the resultaut load, 
H; then by Bule XIX. of the same section (page 
163), find the vertical components, P and F, of the 
two supporting forces (equal and opposite to two 
parallel components of R through C and C). Then, 
irom the Imown distribution of the load, find 
the position of a vertical line, A F, dividing the 
total load, R = P + F, into two parts equal to the adjacent 
supporting forces, P and F respectively; tiie point A, where 




Fig. 74. 




li a A U V 

UNJVKliSlTYOii 

that vertical line cuts the horizontal tangent H IT, will be fhe ~=~- '^ 
lowest poirU oj the chain. Next, to find the horizontal tension; 




conceive &e chain divided into two parts by a vertical plaoe 
through A F; take the resultant moment, relativ^y to that plane. 
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of aU the vertical forces which act on one of those parts: for 
example, of the supporting force P, and of those parts of the load 
which hang between C and A ; divide that moment by the greatest 
depression^ FA; the quotient will be the horizontal tension. 
Lastly, to find the depression, X B, of any other point, B, of the 
chain below the level of the points of support; conceive the chain 
to be divided into two parts by a vertical plane through X B; find 
the resultant moment, relatively to that plane, of all the vertical 
forces which act on one of those parts; that is, of the supporting 
force P, and of those parts of the load which hang between C and 
B; divide that resultant moment by the horizontal tension; the 
quotient will be the required depression, X B. 

The resultant tensions at the points of support are, respectively, 
J (H2 + P2) and J (H^ + F2), where H denotes the horizontal 
tension. 

A balanced chain, b^ng invei-ted, gives the curve of equ/Uibrium 
for a rib loaded in the same manner with the chain. The tensions 
in the chain became thrusts in the rib. 

5. €lialn, with lioad Uniform over the Span. — The assumption 

that the load is uniformly distributed over the span of a chain is, 
in most cases of suspension bridges, near enough to the truth for 
practical purposes. In fig. 76 let B A C be a chain so loaded; A, 
its lowest point; D A E, a horizontal tangent at that point; B 
and C, the points of support; B D and C E, vertical lines through 
them. The curve B A C is a common parabola, with its vertex at 
A. Let D E = a; B D = y^; C E = ygi -A. D = a^; A E = ajg; 
so that 03^ + 3:2 = a. 

Rule I. — Given, the elevations, y^, 3^2* ^^ *^® *wo points of 
support of the chain above its lowest point, and also the horizontal 
distance, or span, a, between those points of support; it is required 
to find the horizonlal distances, x^, x,^, of the lowest point from the 
two points of support : also the focal distance, m, of the parabola. 

^1 = a- , ^^S ; x^ = a- , ^^2 ^ 



m = 



a2 



When the points of support are at the same level. 



a (fi 



Vi = ^2; «i = a^ = 2^ ^ =" 16 



Vi 



In the latter case the height y^ = y^ is called the depres^jom,. 
Rule II. — Given, the same data, to find the inclinations^ t^, i^ 
of the chain at the points of support 
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^i a ' ^ X2 a 

wlien the points of support are at the same level, 

Vi = 1/2) *a.n I'l = tan i^ = -J^- 

BuLE III.— Given, the same data, and the load, p, per nnit ol 
length : required the horizontal tension, H, and the tensions, R^, R^, 
at the points of support. 

H = 2 pm = ^ • 



Il, = H7(l + *^;K, = Hj(l + *^^. 

When the points of support are at the same level, or that y^ = yg* 
those equations become 

H.|^.«..E..HV(.*1^. 

BuLE TV. — Given, the same data as in Problem First, to find 
the length of the chain. 

Calculate the lengths of the arcs A B = ^j, and AC = ^g* ^7 
the rules of page 79, Article 5, and add them together. 

BuLE V. — Given, the same data, to find, approximately, the 
small elongation of the chain d {s^ + ^g) required to produce a given 
small depression, d y, of the lowest point A, and conversely. 

d^ 3 Varj xj' 

When y^ = yg* *^ equation becomes 

2 d 8^ _ 1^ Pi 
d y " 3a ' 

These formulse serve to compute the depression which the middle 
point of a suspension bridge undergoes in consequence of a given 
elongation of the cable or chain, whether caused by heat or by 
tension. 

BuLE VI. — To find the pressure on the top of each pier. If the 
chain passes over a curved plate on the top of the pier called a 
saddle, on which it is free to slide, the tensions of the portions of 
the chain or cable on either side of the saddle will be sensibly 
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equal; and in order that those tensions may compose a vertical 
pressure on the pier, their inclinations must be equal and opposite. 
Let i be the common value of those inclinations; R the common 
value of the two tensions; then the vertical pressure on the pier ia 

V = 2Rsini=2H:tant = 2pa;; 

that is, twice the weight of the portion of the bridge between the 
pier and the lowest point, A, of the chain. 

But if the two divisions of the chain which meet at the top of a 
given pier are made fast to a truck, which is supported by rollers on 
a horizontal cast-iron platform on the top of the pier, let i, i\ be 
the inclinations of the two divisions of the chain or cable in opposite 
directions, and E., B', their tensions; then 

R = H sec i; R' = H sec i'; 

Y = R sin i + R sin i' = H (tan i + tan £^. 

6. The emubtmaaj is the curve in which an uniform chain hang^ 
when loaded with its own weight only, or with a load everjrwh^re 
proportional to its own weight. (See fig. 22, page 80, and its 
explanation.) 

Rule I. — Given, in ^g, 77, the catenary A B, and its directrix 

O X, and the weight of an unit of length of 
the chain; to find the horizontal tension. 
Multiply the parameter O A by the weight 
of an unit of length of chain. 

Rule II. — To find the tension at any 
point, B, of the chain. Multiply the height 
of the ordinate X B from the directrix to 
jv 77^ the given point, by the weight of an unit of 

length of chain. 

7. A Catenarian iui» is of the figure of a catenary inverted, the 
directrix being above the curve, and the curve concave downwards. 
To represent it, conceive fig. 77 to be turned upside down. It ia 
the form of equilibrium for an arched rib loaded in such a manner 
that the load on any arc, A B, is proportional to the area^ O A B X, 
of the spandrUy or space between the rib and its directrix. 

Rule I. — Given, a catenarian rib and its directrix, and the 
weight of load corresponding to an unit of area of spandril; to find 
the horizontal thrust. Midtiply the square of the paramet^ O A 
by the load per unit of area. 

Rule II. — To find the thrust at any point, B, of the rib. Mul- 
tiply together the parameter O A, the ordinate X B, and the load 
per unit of area. 

A Trannromcd csateaarian Riir is a curve such as a 5 in ^g. 77 
(still supposed to be turned upside down), which carve is so related 
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to tbe common catenary, A B, that the ordinates drawn to it from 
the directrix, O X, of both curves, such as Oa and X6, bear every- 
where a constant proportion to the corresponding ordinates, such 
as O A and X B, of the common catenary; or^ in symbols^ 

f/ Xb Oa a ^ ^ 

- = ^^-^ = TT-r- = — = constant 
y X B O A m 

A transformed catenary is a form of equilibrium for an arched rib 
loaded in such a manner that the load on any arc^ ab,ia proper^ 
tional to the area of spandril, O a 6 X. 

IUtle III. — Given, in a transformed catenary, the least ordinate,. 
O a =a; any other ordinate, X 6 =y;- and the half-span, or 
distance between them, O X = a?; ta find the parameter, O A = m, 
of the corresponding common catenary. Use the following formula : 



m 



= « ^ hyp. log. (I + y^g-i) 



(For hyperbolic logarithms, see page 38. For squares and square 
roots, see page 11.) 

BuLE rV", — In a transformed catenarian rib under a given load 
per unit of area of spandril, to find the horizontal thrust; multiply 
the square of the parameter A O (found by Bule III.) by the loa4 
per unit of area of spandril. 

Bulb V. — To find the thrust along the rib at any point, B; let 
H denote the horizontal thrust; P, the vertical load corresponding 
to the area of spandril, O a 6 X; T, the required thrust; then 
T = J(H2 + P2). 

Bule YI. — ^To find the radius of curvature of a transformed 
catenary at its vertex or croum, a; divide the square of the para- 
meter, O A, by the least ordinate, Oa. 

(The radius of curvature of a, common catenary at its vertex, A, 
is equal to the parameter, O A) 

Tablp: fob Catenabian Bibs. 
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To interpolate the ordinate, y =±= v, corresponding to an inter- 
qiediate half-span, «=!=«, when ^ corresponds to | in the tablej 
make 

This computation is to be performed by addition to the number 
next below in tho table, or by subtraction from the number next 
above, according as the intermediate half-span lies nearer to the one 
next below it or to that next above it. 

8. Viiiforaiir Pressed Sloops.— The stress on a hoop is tension if 
it is pressed from within; thrust if it is pressed from without. If 
the pi*essure is uniform, of equal intensity in all directions, and 
normal to the hoop, the form of equilibrium of the hoop is a circle. 
If the pressure is compounded of two uniform pressures in directions 
at right-angles to each other, of different intensities, that form is 
an ellipse. 

BuLE I. — To find the stress on a circular hoop; multiply the 
pressure per unit of length of the hoop by the radius of the hoop. 

KuLE II. — To find the ratio of the greater and lesser axes of an 
equilibrated elliptic hoop, subjected to two uniform pressures of 
different intensities in directions perpendicular to each other; ex- 
tract the square root of the ratio of the intensities of the pressures. 
The greater axis will lie in the direction of the more intense pressure. 

EuLE III. — To find the stress on an equilibrated elliptic hoop 
at the end of one of its axes; multiply half the length of that axis 
by the pressure per unit of length in a direction perpendicular 
to it. 

9. A BiTdrostatic Rib is adapted to bear a pressure which, like 
that of a liquid, is everywhere normal to the rib, and which, at 




Fig. 78. 

any point, C, has an intensity proportional to the depth of spandril, 
C Y, between the rib and its horizontal directrix, Y O Y. The 
radius of curvatm^e at each point, such as C; is inversely proportional 
to the depth of spandril, Y. 
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The total thrust at every point of a hydrostatic rib is iiniform^ 
and is equal to the load on the half-rib A B. 

In what follows, the rib is supposed to spring vertically from its 
abiitments at B, B. 

Rule I. — Given, the half-span, P B = c, and the rise, P A = a, 
of a hydrostatic rib; to find the proper depth of load at the crown, 
A O = A, CLpproximatdy. 

Make 6 = c + ^777—; then h = j^ 0, nearly. 

HuLE II. — To find the area of spandril corresponding to the 

T 
Tinifomi thrust along the rib; call that area -, in which T repre- 
sents the thrust, and w the load per unit of area of spandril; then 

w 2 

BuLE III. — ^To calculate the thrust; being also the load on 
the half-rib. 

r2 



T = w(^ + ahy 



BuLE lY. — To find the radius of curvature at a point where 
the depth of spandril, Y C = a;, is given; divide the area found by 
Rule II. by the depth of spandril; that is to say, let r be the 
radius of curvature at C; then 



r = 



2x 



The radii of curvature at the crown, A, and springing, B, are as 
follows : 

AtA,ro= ^^ ;atB,r,= ^^^^^^ . 

A sufficient number of radii having been computed, the figure of 
the rib may be constructed to any required degree of approximation 
by drawing a series of short circular arcs. 

Rule Y. — To draw, approximately, the figure of a hydrostatic 
rib with three radii only. By RuiiE lY, find the radii of curva- 
ture, Tq, rj, at the crown and springing. From the crown^ A, 
draw vertically A C = ^q; and from the springing, B, draw 
horizontally B D = r,. C and D will be the centres of curvature 
for the crown and sprmging respectively. 

About D, with the radius DE=FA — BD, describe a circular 
arc, and about C, with the radius C E = C F, describe another 

N 
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circular arc; let E be the point of intersection of those arcs; this 
will be a third centre; and two more centres will be sisulaiiy' 
situated to D and E with re^ct to the other half-rih. 

Then about C, with the radius C A, draw the 
circular arc A G till it cuts C E produced in G ; 
about E, with the radius E G = F A, draw the 
circular arc G H till it cuts E D produced ia 
H; about D, with the radius D B, draw the 
circular arc H B. This completes one half-rib, 
and the other is drawn in the same manner. 

The curve thus drawn falls a little beyond 
the true hydrostatic rib at G, and a little 
within it at H. 

10. A Rii» of any Fignre, under a vertical load 
distribtUed in am/y manneTy being given, it is 
always possible to determine a system of hori- 
zontal pressures, which, being applied to that 
Fig, 79. rib, will keep it in equilibrio. 

Rule I. — To find the total horizontal pres- 
flure against the rib below a given point. In fig. 80 let C be any 
point in the rib, and A its crown. 



TC'-X' 






Fig. 80. 



Fig. 81. 



In the diagram of forces, fig. 81, draw o e parallel to a tangent 
to the rib at C. Draw the vertical line o 6 as a scale of loads, on 
which take o A = P to represent the vertical load suf^rted on the 
arc A C. Through h draw the horizontal line h c, cutting o c in e/ 
then c = T will be the thrust along the rib at 0, and & c = £^ 
the horizontal component of that thrust, will be the toUd harizontaZ 
presstare uUUch must he exerted against Q B, ike part rf tha rib 
below C. . 

At the crown, A, the* precedii^ Hule fails; and the fc^owing is 
to be used. 

BuLE II. — To find the thrust at the crown of tbs rib; multaplj 
the sadius of curvatto^ft at the crown by the vertical load per hneal 
unit of spaa^ tberet 
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'Rule III. — To find tha Itorizonial pressm^ required in a given 
layer of the spandriL 

Lei C (fig. 80) be a point in the rib a abort, way below C. In 
tke diagram of forces (i%. 81) draw o d parallel to a tangent to the 
rib at C; on the vertical scale of loads take o K, Tertical load 
on the arc AC; draw the horizontal line K d cutting o c' in tf'. 
Then o d = T' is the thrust along tlua rib at C; and hi c' = H', the 
horizontal compoiient of that ^uat, is the horizontal pressure 
which must be exerted against the part of the rib below Q\ H beings 
as before, the l^orizontal compon^at of the thrust at C, the difi^ence 
H — H' will represent the horizontal pressure required to be 
exerted through the horizontal layer E £7 CT. 

If H diminishes in going downwa/rds, as in the example given, 
pressv/re from imthout is required through the layer. Through 
those layers at which H increases in going downwa/rds, either tension 
from toithotU, or presstM'e Jrom within, is required to keep the rib 
in equxlibrio. 

Rule IT. — To find the greatest horizontal ti{irust, and . the' 
"point of rupture," and "an^e of rupture." 

Through o, in fig. 81, draw a number of radiating lines, audi as 
oCy ody &c., parallel to the rib at various points, as C, C, <&c., and 
find, as in Rules I. and III., the lengths of those lines so as to 
represent the thrust along the rib at the several points C, C, &c. 
The length of the horizontal line, oa, representing the thrust at 
the crown, is to be calculated as in Rule II. Through the points 
a, <?, cfy <fec., thus found, draw a curve, find the point, df, in that 
curve which is &,rthest from the scale of loads, oh; then tW 
horizontal line dh=:lB.Q will represent the maximum horizontal 
thrust. 

Join d, and find the point, D, in fig. 80, at which the^ rib ia 
parallel to o d; this is the "point of rupture," or point at which 
the horizontal thrust attains a maximum; and the ^^angie of 
rupture" is the inclination of the rib at that point, or .^ doa.m 
^g. 81. 

The horizontal plane D F is the upper boundary of that part of 
the spandril which exerts the maximum horizontal pressure Hq. 

Section III. — Stability op Masonky. 



1. ITrcMwe •f Bavth mm^^ W«Mr agaivM Uralls.— RuLE I. — ^The 

Centre o/ Pressure of a rectanguiaff vertical plane pressed by a mass 

2 
of water or of earth is at 5 of the total depth down from the upp«r 

sur^Mse of the water or earth. 

Rule II. — ^The Direction of the Pressure against a vertical plane 
is, for water or a bank of earth in hovizontal layers, horizontal; 
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for a bank of earth in nniformly sloping layers^ it is sensibly 
parallel to the slope. 

BuLE III. — To find the amount of the pressure of water against 
each foot in breadth of a vertical plane; multiply the half-square 
of the total depth by the heaviness of water {62'4: lbs. to the cubic 
foot). 

For the heaviness o/ea/rth, see page 152. , 

The following is a table of natural slopes of earth; but the 
natural slope of earth in engineering works ought, as ^ as 
practicable, to be ascertained by observation on the spot : — 



EARTH. 



Dry sand, day, and mixed | from 

earth, ( to 

Damp day, 

Wet day, | ^^^ 

Shingle and gravel, | ^P 

P^*> '-{^to 



Angle 


Co-efficient 
of 


Bepose. 


Friction. 


9 


/ 


K 


075 


2I"» 


038 


< 


I'OO 


K 


031 


14° 


0-25 


*K 


I-II 


K 


070 


< 


I'O 


14° 


0-25 



Customary 
designation of 
Natural Slope: 

1 -T-/tO 1. 



1*33 to I 

2*63 to I 

I to I 

3*23 to I 

4to I 

o*9 to I 

1*43 to I 

I to I 

4 to I 



The most frequent slopes of earthwork are those called 1^ to 1, 
and 2 to 1, corresponding respectively to the co-efficients of friction 
0*67 and 0*5, and to the angles of repose 33^° and 26^°, nearly. 

E.ULB rV. — ^To find the amount of the pressure of a bank of 
earth laid in plane parallel layers, against each foot in breadth of a 
vertical plane; multiply the half-square of the total depth by the 
heaviness of the earth; then multiply the product by a ratio found 
as follows : — 

In fig. 82, from one point, O, draw two straight lines, O M X 

and O K, making with each other 
the angle M O R = ^, the angle of 
repose, or natural slope of the earth. 
About any convenient point, M, in 
one of those straight lines, describe 
a semicircle, Y R X, touching the 
other straight line in R. (This may 
be done by describing the dotted semicircle M £. O, so as to find 
the point R.) Then 

Case I. — If the bank is in horizontal layers, the required ratio is 

O Y / 1 - sin 




M 

Fig. 82. 



-VVX 



U_Y / 1 - sin(p \ 
OX V 1 + sin(p/ 
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Case II. — If the bank is in layers sloping at the natural slope^ 
the required ratio is 

OR, , 

Case III. — If the bank consists of layers sloping at any less 
angle; draw O Q P, making the angle M O P = the actual slope 
of the bank; from P draw P W perpendicular to O P; then the 
required ratio is 

OQ / cos ^ - ,y (cos^ 6 - cos^ ^ ) 

0~W V ^^® ^ * COS ^ + V (cos2 ^ - cos2 <p)' 

in which tf = .^ M O P). 

2. lioad oa Ordtnarsr FoandatioiM.— ^^^ F^ 

First Class: rock, moderately hard; strong as) 

the strongest red brick, j ^ ^ 

„ rock of the strength of good concrete, 3.0 

„ rock; very soft, i'8 

Second Class: firm earth; hard clay; clean dry] 

gravel; clean sharp sand, pre- >from i to 1*5 
vented from spreading sideways, J 

Third Class: soft or loose earth; let ^ be the angle of repose; 
then; 

BuLE I.* — To find the least weight of earth to be displaced by 
the foundation of a building when the load is uniformly distri- 
buted; multiply the total load (above and below ground) by 

/I - sin (py 
\1 + sin ^/ 

Rule II.* — ^When the load produces an uniformly-varying 
pressure, to find how fer the centre of pressure may safel^r deviate 
from the centre of figure of the base of the foundation; find the 
centre of percussion of the base relatively to the edge where the 
pressure is to be least (see pages 156, 157), and multiply the dis- 
tance of that centre of percussion from the centre of figure of 
base by 

2 sin 

1 + sin^ ^ 

For a rockfoundaticm the value of this multiplier is 1. 
Rule III.*— In the case referred to in Rule II.* to find the 
least weight of earth to be displaced by the foundation; multiply 
the total load by 

( 1 - sin (P)g 
1 + sin^ (p ' 
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BtriiE IV * — In the ^case refiorred to ia Rule I.*, and when the 
load above ground alone is given; to find the least we^ht of earth 
to be displaced hj the foundation; let w be the heaviness of the 
earthy and w^ the mean heaviness of the materials with which the 
excavation is to be filled (including voids, if any); then divide the 
load above ground by 

1 •¥ kh 



1 — sin (p/ w' 



BuLE Y. — To find the depiii of a foundation; divide the weight 
of earth to be displaced by ^le heaTiness of that earth and the area 
of base. 

Least depth to escape injurious effects of frost = from 3 feet to 
6 fe^ according to climate. 



Table op FuBcraoss of Ajrasjs of Bepose. 



15^ 



30' 



1 + sin 

T ; 1700 2*039 

1 — sm ^ ' **^ 

1 - sin ^ 

T ; 0*588 0'4Q0 

1 + sm ^ ^ ^^ 

(1 + sin a\* ^ 
izrsr^) ^890 4159 

/ I - sin (p Y 

\\ + sin ^/ ^'346 0-240 



2S^ 



30" 35" 40" 45" 



2-^64 3-000 3-690 4-599 5-826 
0-406 0-333 0*271 0*217 0*172 
6-070 ^•000 13*619 21*152 33*94 



0*165 o'lii 0-073 0-047 0*0295 



1 4- sin^ 



2 1^45 2*579 3-535 5000 7*310 11*076 17*47 



(1 ~ sin 0) 

2 tdn 9 Q/: ^ 

—^P-. 0*486 0*^I2 

1 + sm^ ^ ^ 

tan ^ 0*268 0*364 

cotan ^ 3732 2*747 



0*283 0*200 0-137 *o*090 0*057 

0-717 0*800 0*863 0-910 0*943 

0*466 0*577 0*700 0-839 I'ooo 

2-145 ^732 1*428 1*192 i-ooo 



3. i«oad en PUcA Vomidatismu — OrcBnary world n g loads on the 
hfisids of piles : — On piles driven tiH they reach firm ground, 0*45 
ton on the square inch ; on piles standing in soft ground, by friction, 
0*09 ; ordinary values of greatest load which piles will bew: without 
sinkhig further, from 0*9 to 1*35 tons on the square inch area of 
head 



PILES — ^HOBIZONTAL SSSISTANCE OF EARTH. US 

The following are rules applicable to pile-driving: — 

Let P be the greatest load which a pile is to bear without sink* 
ing fe,rther (in tons); 
W, the weight of the ram used for driving it (in ton&}^ 
h, the height from which the ram fails (iu feet); 
I, the length of the pile (in feet); 
VB, the depth it is driven by the last blow (in fractioBS 

of a foot) ; 
S, its sectional area (in square inches); 
E, its modulus of elasticity. 



(Approximate values of E in tons on Hhe square inch— elm, 400 
to -600; alder, about 500; beech, about 600; sycamore, about 500'; 
teak and saul, abotrt 1,000; greenheart, 500 to 600.) 

BuLE VL— -<Jiven, all the above quantities except x; then 






4ES' 



The pile must be driven until ihe additional depth gained hy eM^ 
blow, of ike energy W A, becomes not greater than x, as given by 
the above role. 

Bulb YII. — Oive% all the above quantitiM exo^t W h, ihe 
energy required for the final blow; then 

P2Z 

KuLE YIIL — Given, all the above quantities except P; thea 

2ESa; 



= V( T—^—¥—)- 



I 



4. The IjwUI » «y p oif ji ^ « Scr«w mie in practice ranges &om 
3 times to 7 times the weight of the earth which lies directly above 
the screw-blade. 

5. M— i B^ Mtai BMifliaaee •f BaHh. — ^Let B denote the resistanoe 
opposed by a stratum of earth to the pushing or dragging of a 
rectangular plane sur&ce through it horizontally; w, theheaviness 
of the earth; ^, its angle of repose; h, the breadth of the sur&ce; 
«, the depth to which its lower edge is buried; sc", the depth to 
which its ui^)er edge is buried; Xq, the depth of the resultant of 
the resistance below the upper surface of the earth. 

BuLE IX. — ^To find the resistance; 

•. _ 4 M7 sin ^ g^ - g^ 
cos^ S 
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Bttlb X.— To £nd the position of the resultant; 

^<> "■ 3 (a:2 » a.'2y 

6. PreMUM of whid.— E.ULE XI. — ^To estimate the greatest prob- 
able amount of the pressure of wind/against a chimney or tower; 
if the edifice is square, take the area of its vertical cross-section; or 
if round, take half that area; and multiply by the greatest known 
pressure of the wind in the neighbourhood against an unit of area 
of a vertical plane surface, as measured by the anemometer. (In 
Britain that pressure is about 55 lbs. on the square foot) 

BuLE XII. — To find the position of the resultant of that pressure; 
find the centre of magnitude of the vertical cross-section. (See page 
83.) If the edifice is pyramidal or conical, divide the difference of 
the outside diameter at the base and top by 3 times their sum; 
subtract the quotient from 1 ; multiply the remainder by half the 
height of the edifice; the product will be the height of the resultant 
pressure above the base. 

BuLE XIII. — To find the moment of the pressure of the wind; 
multiply its amount by the height of its resultant above the base. 

The calculations described in the above rules should be made not 
only for the whole chimney or tower from the base upwards, but 
for the part above each bed-joint where the thickness of the masonry 
or brickwork diminishes. 

7. Stability of Abntments (Including buttresses, abutments and 
piers of arches, retaining and reservoir walls.) 

BuLE XIV. — To find the greatest deviation of the centre of 
pressure from the centre of figure at any bed-joint, consistently 
with atahilUy of position (that is, safety against overturning). This 
may be called the limiting position of the centre of pressure. 

Case I. Ahutments and Piers of Arches. — ^Take as an axis the 
edge of the bed-joint in question from which the centre of pressure 
is to deviate fisirthest; the required position of the centre of pressure 
will be the centre of percussion of the bed-joint corresponding to 
that axis. (See pages 156, 157.) The rules and table in those pages 
give the distance of the centre of pressure from the farthest edge 
of the bed-joint, from which subtracting the distance from that edge 
to the centre of figure of the bed-joint (usually half the whole 
thickness of the abutment), there remains the deviation required. 

Case II. Retaining Walls, — Greatest deviation of the centre of 
pressure from the centre of figure, as fixed by practical experience 
= from 0'3 to 0*375 of the whole thickness of the wall at the given 
bed-joint. 

BuLE XY. — Given, the load on a bed-joint and the position of 
the centre of pressure; to find approximately the intensity of the 
pressure at the edge to which the centre of pressure is nearest; in 
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Case I. of Rule I. divide tunce the load by the area of the bed ; in 
Case 11. mtdtiply the breadth of the bed by once-and-a-hal/' th» 
distance of the centre of pressure from the nearest edge of the bed, 
and with the product as a divisor, divide the load; the quotient 
•will be the required intensity. 

The intensity of pressure thus found ought not to exceed one- 
eiglUh of the pressure which crushes the material of the building. 

Rule XVI. — To calculate the moment of stoMlity 0/ an abutment 
at a given bed-joint; multiply the weight of the mass of material 
above the bed-joint by the horizontal distance of a vertical line, 
through the centre of gravity of that mass, from the limiting 
position of the centre of pressure of the bed-joint. 

Rule XVII. — To find the proper thickness for an abutment 
with a rectangular horizontal base from the following data : — 

H, the horizontal component, and V, the vertical component, oi 

the thrust to be resisted ; 
x\ the vertical height of the line of action of that thrust above 

the backward edge of the base of the abutment 
5, the breadth of the abutment; 
hf its height; 

Wy the heaviness of its material ; 
n, the proportion which its bulk bears to that of the circum* 

scribed rectangle; so that if ^ be its thickness at the base, 

7i to 6 A ^ is its weight; 
q, the ratio which the deviation of the centre of pressure from 

the centre of figure of the base is to bear to the thickness 

at the base. (See Rule XIV.) 
r, the ratio which the horizontal deviation of the centre of 

gravity of the abutment from the centre of figure of its base 

is to bear to the thickness at the base; 

make ^'^ -A- <A + \)^ ^B- 

n{q =±= r)whh ' 2n{q =tz r)whh ' 



using g' + r if 2' and r represent deviations in contrary directions, 
and 2' — r if they represent deviations in the same direction; then 
the required thickness is 

t= J{A + B2)-B. 

If the thrust to be resisted is wholly horizontal, t =^ J A. simply. 
In a vertical solid rectangular abutment /^ = 1 and r = 0. 

Rule XVIII. — To find the direction of the resultant pressure 
at any bed-joint ; let W = nwhht represent the weight of material 

H 

in the abutment above that joint; then = = is the tangent of 

the angle made by that resultant with the vertical In order that 



186 BALANCE AND STAB3[LITT OP STRUCTUKES. 

tiie abutment may possess atahUUy of fridian (tiiat is, be «afe 
against giving -way bj the sliding of one conxse €£ masonry upoii 
another), the normal to each bed-joint ought not to make a greater 
angle with the direction of the resultant pressure at that joint than 
the angle of repose of fresh masonry; that is, from about 25° to 36®. 
Bhould horizontal bed-joints prove too oblique to the pressure, 
doping bed-joints may be substituted for them. 

Kemabk. — ^In an abutment which has to resist a thrust concen- 
trated near one point, the risk of overturning is greatest at the 
base; but the risk of giving way by sliding is greatest at the bed- 
Joint next below the place of a^lication of the thrust; and it is to 
the latter joint, therefore, that Bule XYIII. is to be applied. 

JRuLE XIX. — To find tibe proper thickness for a vertical rect- 
angula/r retaining toaU, of a height equal to that of the bank whidi 
presses it. 

In each case let k/ be the heaviness of the earth, ^ its angle of 

«' 
repose, and let - be the ratio of the pressure exerted edgewise by 

the layers of earth to their vertical pressure, cus found in Rule lY. 
of this section. Also, let h be the height of the wall, «o, its heavi- 
ness, and q, ratio of the intended deviation of the centre of pressure 
from the centre of the base to the required thickness i. 

Case I. — Bank in horizontal layers: — = = : — : 

•^ ' p 1 + sin ^' 

1 ^ . /(J!^JL\ 

h V \6gwjp/ 
Letg = |;theu| = |Y/,(^. 

{For a reaervoir-vxnU, make v^ = 62*4 Iba per cubic foot; and 

Case II. — Bank in layers of indefinite extent, at the natural 

elope ^: — = 1. 
P 



i - 0- 



Make — ^ = a; ^-^ ^^-j = 6; then 

6 QW ^41 w 



Tr^/"" 



+ *«-*. 



Case III. — ^Bank in layers of indefinite exfcent, sloping at anj 
angle 6 less than (p. Find -- by Bule lY. Then make 
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— •? • COS* 4 = a: i (q+ i | - con d mi 4 = h: and 



6 ^ to 



=^ sf a + h^ — h. 



Case rV. — Swrcha/rged Wall, — Bank rises from wall at natural 
slope up to height c above top of wall, or c + A above base; and at 
that height has a horizontal upper surface. Let the thickness, calcu- 
lated as in Case I., be ^; the thickness, calculated as in Case 11.^ 
t ; and the required thic^ess, f. Then 

„ _ ht + 2ct' 
h + 2c ' 

The strength of a retaining wall at its base should be tested by 
Kule XV. of this section, and the stability of friction by Rule 
XVIII. ; and if the latter is found to be insufficient with horizontal 
beds, the beds may be sloped back; and then the back of the wall 
shoidd be formed into steps, with the rise perpendicular to the 
beds. 

B.ULB XX. — ^Having designed a vertical rectangular retaining 
wall, to modifi/ its figure without diminishing its stability of 
position. 

The face of the wall may be either battered, stepped, or panelled, 
so long as the centre of gravity of the part taken away does not 
fall behind a veiiiical Ime through the limiting position of the 
centre of pressure of the base. When the fece has a straight or 
curved batter, the beds of the masonry or bridcwoik nmy be laid 
pemendicular to the battered face. 

The masonry at the back of the wall may be diminished by steps, 
provided its place is filled with material of equal weight. 

B.ULE XXL — For retaining walls of uniform thickness which 
leaai (ac overhang backwards, let r be the ratio which the backward 
de^tion of the centre of gravity from that of an upright wall is 
to bear to the thickness ; then put q -h r instead of q in the deno- 
minators of the expressions in Rule XIX., and they will become 
i^licable, without material eiTor, to the present case. The beds 
ought to be built perpendicular to the face. 

Rule XXII. — Given, the dimensions of a wall with counter- 
forts; to find the thickness of a plain wall of equal stability. Let 
t be the thickness and b the breadth between a pair of counter- 
forts; c, the breadth of a counterfort, and T, the thickness of wall 
and counterfort together. Then the thickness of the plain wall of 
equal stability is nearly = 



V(^T^- 
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8. iltone and Brick Arches. — EULE XXIII. — ^To find the leost 

proper thickness/or the arch-ring of a proposed arch ; find the longest 
radius of curvature of the arch; then take a mean proportional 
between (that is, the square root of the product of) that radius and 
a constant whose values are as foUows : — 

Foot 

For an arch above ground, standing solitary between 
its abutments, 0'i2 

For an arch forming one of a series of arches, with 
piers between them, 0'i7 

For an underground archway in hard material (such 
as rock or conglomerate), 0*12 

For an underground archway in gravel or firm 
earth, 0*27 

For an underground archway in wet clay or quick- 
sand, 0*48 

BuLE XXIII A. — To find the level up to which the hacking of 
the arch should be built before the centre is struck; take a mean 
proportional between the radius of curvature of the intradoa (or 
inner profile) of the arch at its crown, and the thickness of the 
arch-ring; then lay off the length so calculated vertically down- 
wards from the crown of the ovier surface of the arch-ring. 

BuLE XXIV. — For a r(yugh approximation to the horizontal 
thrust of an arch, take the weight of the vertical load that is 
supported between the crown of the arch and that point in the 
arch-ring where its inclination to the horizon is 45**. 

BuLE XXY. — To find a nearer approximation to the horizontal 
thrust of an arch, and also to determine whether a proposed arch 
will have sufficient stability. 

Assume that the load is supported by a linear rib coinciding with 
the centre line of the arch-ring, and treat that rib by the method 
of Article 10 of the preceding section, page 178, so as to find its 
maximum horizontal thrust; this will be nearly equal to the 
horizontal thrust of the proposed arch. As to stability, the follow- 
ing cases may be distinguished : — 

Case I. — If the supposed rib is either equilibrated under the 
vertical load alone, or requires horizontal pressure from without 
alone to give it equilibrium, the proposed arch will be stable 
throughout. 

Case II. — If the supposed rib requires horizontal pressure from 
without up to a certain point 0/ rupture only, and above that point 
requires horizontal tension to give it equilibrium, the actual arch 
is stable up to the point of rupture, but above that point it may 
be stable or unstable; and its stability must be further tested as 
follows ; — 
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Fig. 83. 



In fig. 83 let B C A represent one-half of a symmetrical firch ; 
K L D E^ an abutment, and C, the joint of rupture, drawn perpendi- 
cular to the assumed rib at the 
point of rupture. At A, the crown 
of the arch, suppose a vertical 
joint. 

Find the centre of gravity of the 
load between the joint of inipture, 
C, and the crown, A; and draw 
through that centre of gravity a 
vertical line. 

Then, if it be possible, from one 
point, such as M, in that vertical 
line, to draw a pair of lines, one 
parallel to a tangent to the assumed rib at the point of rupture, 
and the other horizontal, so that the former of those lines shall cut 
the joint of rupture, and the latter the supposed vertical joint at 
the crown, in a pair of points which are both within the middle 
third of the thickness of the arch-ring, the stability of the arch will 
be secure. 

Should it be impossible to make the pair of points fSeJl within the 
middle third of the arch-ring, its thickness must be increased. 

KuLE XXVI. — To adapt Trcmsformed Catenaricm curves to the 
figure of an arch of masonry. (See Article 7 of the preceding 
section, page 174.) For the intrados (or inner profile) of the arch, 
and the extrados (or outer profile) of the arch with its solid back- 
ing, take two transformed catenarian curves with the same 
directrix and parameter. For the extrados of the whole load 
(being usually the profile of the platform or roadway), take either 
the horizontal directrix itself, or a third and flatter transformed 
catenary with the same directrix and parameter. To find ap- 
proximately the horizontal thrust; multiply the square of the 
parameter by the mean load per square foot area of spandiil (allow- 
ing for the voids, if any, between the spandril walls); and then 
multiply the product by the ratio in which the depth from the 
platform to the crown of the intrados is greater than the depth 
from the directrix to the middle of the depth of the keystone. 

BuLE XXVII. — ^To adapt the figure of the hydrostatic rib to an 
arch of masonry. (See Article 9 of the preceding section, page 
177). For the intrados take the figure of the hydrostatic rib, and 
make the arch-stones of an uniform thickness, determined from the 
radius of curvature at the crown by Rule XXIII. of this Article. 
The thrust will be nearly the same as in a supposed linear rib 
coinciding with the intrados, and under the same load. 

Rule XXVIII. — To find the resultant horizontal thrust against 
a pier that stands between two equal arches^ when one is loaded 
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with a traTelling load in addition to its own weight, and the other 
with its own wei^t only; multiply the travelling load per unit of 
span by the radius of curvature <^ the centre line of the arch-ring 
at its crown. 

HuLE XXIX. — To represent approzimatdy the amount and 
distribution of the load upon any part of the c&nJt/re (or temporary 
fitiming) which supports an arch in progress of construction. 

Case I. CircutoAr Arch. — In fig. 84 let OA be the radius of 
the intrados, and A B a circular quadrant of which the intiudos 
forms the whole or part. Conceive that the Aa(/'of the radius A O 
represents the weight of the arch-ring per foot of intrados. 

Let C be the point up to which the arch-ring has been built; 
and let it be required to find the amount and distributiiMi of tibe 
load -on the part C D of the centre. 

From C draw C E || A O; bisect C E in F, from which diraw 

F H II O B; draw D G || A O; 

^"'^^ ^^fHom^ ^^^^ ^'nll D G represent the normal 

7nl ^IHIII p^ssure on each lineal foot of tiie 

jr^JH^ x/ BiPfflWg outer sur&x^ of tiie centre at the 

7 ® I / ^k I point D; and the shaded srea^ 

f 1 1 J -|^— I C D G F, will represent tiie verti- 

^ Fiir"84. ^ Fi 86. ^ ^ component of the load on the 

^* centre between and D, both in 

amount and in distribution. 

The point H is that below which the arch-stones eease to press 
on the rib, when the arch has been built up to the point C. 

The case in which the rib is completely loaded, the arch being 
finished all but the keystone, is represented by fig. 85. l^seet 
the vertical radius A O in K, and conceive A K to represent 
the weight per foot of intrados; draw K L H O B; L will be a 
point below whidi the stones do not press on the rib (sufipesing 
the arch to extend so far). Let D be any point in the 
intrados; draw D M || A O; then D M represents the normal 
pressure on the centre per foot of intrados at D, and i^ shaded 
area M D A K represents the vertical component of the load on 
the centre between A and IX 

Case II. Nonrcvrcula/r Arch, — Find the two 'points at which Ae 
intrados is inclined 60° to the horizon; concave a circular arc 
drawn through them and through the crown of the intrados^ and 
proceed aar in. Case L 
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TABLES AKD RULES RELATING TO THE STREH^GTB 

OF MATERIALS. 

Section I. — ^Tabi.es. 

Tabi2 1a. — 'Sesaoity or Wrought Ibon akd Stbl. 

Malleable Ikon. 

Wire—very strong,) ,,.^^ ^^ 
charcoal, / "4,000 Mo. 

Wire — average, 86,000 T. 

Wire— weak, 71,000 Mo. 

Yorksliire(Lowmoor),... 64,200 F. 52,490 F. 

„ from 66,3^) ^ fo-3o 

to 60,075/ * 1 0-26 
Yoifeliire (Lowmoor)1 

and Staffordshire > 59,740 F, 0*2 to 0*25 

rivetiron, , j 

Charcoal bar, 63,620 F. o'2 

Staffordshire bar,... from 62,231) -^^ ('302 

to 56,715! I -186 

Yorkshire bridge iron,... 49,930 F. 43,940 F. -04; '029 

Staffordshire bridge iron, 47,600 F. 44,385 '04; '036 

Lanarkshire bar,... from 64,795) -jq- ( '^S^ 

to 51,327 [ • 1 238 

Lancashire bar, from 60,110 ) ^^^ ('^^9 

to 53,775 J l'2i<5 

Swedishbar, fit)m 48,933) -j^ / '264 

to 41,251/ 1-278 

Russian bar, from 59,096) -^^ f 'iS3 

to 49,564 j • ( '133 

Hammered scrap,... 53,420 K. *34d« 

Angle-iron from ) from 61,260 ) -«. 
various districts, j to 50,056/ 
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Table — continued. 

Tenacity in lbs. per Square Inch. 
Lengthwise. Crosswise. 



Description of Material 

Straps from vari- ) from 55,937 I -^ 

ous districts, ... J to 41,386 J 

Bessemer's iron, cast ) , , « , ^ 
. } 4^*243 

ingot, I -r 1 -r 

Bessemer's iron, ham- ) . 

mered or rolled,.... J ' » ^3 
Bessemer's iron, boiler ) aq ^^^ 

plate, } ^^'319 

Yorkshire plates,... from 58,487 

to 52,000 
Staffordshire plates, from 56,996 ) -^ 5i>25t 

to 46,404 J • -^ 
Staffordshire plates, ) ^^ qiq 

best-best, charcoal, J ^^' 
Staffordshire ) from 59,820 
plates, best-best, J to 49,945 
Staffordshire plates, best, 61,280 
Staffordshire plates, ) g 

common, J ^ * 

Lancashire plates, 48,865 

Lanarkshire plates, fix)m 53,849 ) ^ 48,848 ) -^ 

to 43,433 J ' 39>544 / 
Durham plates, 5i>245 N, 46,712 



W. 

w. 

K 55,033 I 
46,221 

51,251 \ 
44,764 j 

F. 41,420 

F. 54,820 
F. 46,470 
F. 53,820 

F. 52,825 
F. 45,015 



{ 



Ultimate 
Extension. 



•108 
•048 



K 

F. 

F. 
F. 
F. 

F. 

F. 



{ 
{ 



{ 



•109; -059 
•170; -113 
•04j -034 

•13; *o59 

•05; '045 

•05; -038 
•067; '04 

•077; '045 

•05; -043 

•043; '028 
•033; -014 
•093; -046 
•089; '064 



Effects of Reheating and RoUing. 

Puddled bar, 43,9^4 

The same iron five 

times piled, reheated \ 61,824 

and rolled, 

The same iron eleven 

times piled, reheated ^ 43,904 

and rolled, 



a 



Strength 0/ Large Forgings, 

Bars cut out of ) from 47,582 ) -^ 44,57^ 
large forgings, J to 43,759 J * 3^fi^4 



{ 



•231; '168 
•205; '064 
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Table — eorUintied, 



«v „. X. « %» X _> « Tenadty in lbs. per Square Inch. XTltinuito 

DeMfflptlon of Material. . LengUiwlao. ^rowwiao. Ertenaloo. 

Steel And Steely Ibok. 

Cast8teelbars,rol- ) from 132,909 ) -k^ f '052 

led and forged, j to 92,015 J * I *I53 

Cast steel bars, rolled 1 ,«-. qqq p 

and forged, i ^' 

Blistered steel bars.) ,^, «^q xr .^^». 



Shear steel bars, rolled 
and forged, 

Bessemer*s steel bars, 
rolled and forged, . . . 

Bessemer's steel bars, 
cast ingots, 



118,468 N. -1 35 

> 111,460 N. '055 

63,024 W. 



Bessemer's steel bars, \ ,^2 012 W 

hammered or rolled, r o $9 ' 

^"C^^uS..!^!!^ 90.647 N. .,37 

^r^^uS..!!!^} 93,000 p. 

Homogeneous metal) q^*,«, t»j «,^ 

bars, forged, } ^^'^^^ ^- "^ 

XHiddled steel) ^ >,t .q. 1 f.,^r 

fotx^d, j *» ^''^^^f <°9^ 

Puddled steel bars, ) ^ 

roUedandforged,... J ^ ' 

Puddled steel bars,) ;,^ 

roUedandforged,.../ 5)4,752 m. 

Mushet*s gun-metal, 103,400 F. 0*034 

Cast steel plates,.. ..from 96,289) to- 97,308 I j^ f '057; '096 

to 75,594 J '•^•69,082/ •"• X'lgSrigS 

Cast steel plates,... hard, 102,900 \ -p f '^3^ 

soft, 85,400 j • ( -031 
Homogeneous metal ) 

plates, first quality, 
^omo^neous mete! 

plates, second quality, j 

Puddled steel ) from 102,593 ) ^ 85,365 ) lo- / '028; -013 

plates, J to 71,532/ •"•67,686/ ■'^- Vo82ro57 

Puddled steel plates,.... 93,600 F. 0*125 



* 96,280) 97,150) ('•086;* 

' 72,408) 73,580) (•059;- 
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Table — corUinitetL 

^ ' IT ■■ r f ■M ^^ t. .j-i _i • Tenaotty In Iba per Square liroli. ITllimats 

De«rIptt<mof»si0rMr LengthwiBe. OrowwlB& Sxtanaioa. 

Ooleford Gim-metal. 

Weakest, 108,9701 '190 

StroDgest, 160,540 > F. '030 

Hean of ten sorts, 137^340 J "0.7? 

In liie preceding table ihe following abbreviatioaiB are used for 
tlie names of authorities : — 

C, Clay; F., Fairbaim; H., Hodgkinson; M., Mallet; Mo., 
Morin; N.,* Napier «fc Sons; R, Eennie; T., Telford; W., 
Wilmot. 

The column headed "Ultimate Extension" gives the ratio of the 
elongation of the piece, at the instant of breaking, to its original 
length. It furnishes an index (but a somewhat Tague one) to the 
ductility of the metal, and its consequent safety as a material for 
resisting shocks. 

When two numbers separated by a semicolon njtpesax in the 
column of ultimate extension (thus *082; "057), the first denotes 
the ultimate extension lengthwise, and the second crotswisa 



Table Ib. — Eesiuence of Iron Aim Steel. 

Metalunder Tension. ™S?? KSS "^^ ^"^ 

Tenaci^. Tenad^. BlnBttci^. BeaiUence. 

Cast iron— Weak, 1 3,400 4,4^7 1 4,000,000 i '425 

„ Average, 16,500 5,500 17,000,000 178 

„ Strong, 29,000 9,667 22,900,000 4'o8 

Bar iron — Good average, .. 60,000 20,000 29,000,000 1379 

Plate iron — Good average, 50,000 16,667 24,000,000! 11 '57? 

Iron wire — Good average, 90,000 30,000 25,300,000 35"57 

Steel — Soft, *. 90,000 30,000 29,000,000 31*03 

Hard,..'. , 132,000 44,000 42,000,000 46*10 



9$ 



In the above Table of Kesilience the working tenacity is for a 
''dead" or steady load. The modulus of resilience is odoulated 
by dividing the square of that working tenacity by the siodubis of 
elasticity. 

* The experiments whose extreme reanlts are marked IST. were iMmdnoted 
for Messrs. R. Napier & Sons by Mr. Kirkaldy. For details, see Tranaae* 
turns qf the Institution 0/ Engineers in Seotkmd, 1858-59; also Kiikaldy Oit 
She Slre^ffth of Iron and Steel 
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l^ABLE OF THE EBSB^iCE^CE OF MATERIALS TO STBETOHIKa AND 

Teabinq by a DntECT Pull, in povmls (wairdtqxna per aqymre 

t pl ■Ti _ Modulns of 

^einu%, EliBtidty, 

Matebials. 4irBj»i8Unceto „ KcBistim w to 

^««^fr StMtdMDg. 

Stones, liTATUitAXi akd Abtificial: 

Cement,/- 280 to 300 

Glass, •••«•••••..•• .»««•••« 9^400 fi,ooo,ooo 

glate i ^>^^° 13,000,000 

* • I to 12,800 to 16,000,000 

Mortar, ordinary, 50 

Metals: 

Brass, cast,.. ....„...«« 18,000 9,170,000 

„ wire, 49)000 14,230,000 

iBnonze or Gun Metal (Copper 8, ) • , 

Tin i), ......:....../ 36,000 9,900,000 

Copper, cast, 19,000 

„ sheet,.. *. • 30,000 

„ bolts, .» 36,000 

„ wire,...., »..««.««« 60,000 <i7,ooao,ooo 

Iron, cast, various qualities...... {t„^|;*^ to:^i2o^ 

„ average, ^.«.«... 16^500 17,000,000 

Iron, wrought, plates, ^ . . • »« 'S^jOoo 

„ joints, double rivetted^ 35,7®© 

,, „ single idvetted, 28,600 

to 70^000 / 29,000,000 
9^ hoop, best-best, 64,000 

" ^^' {toiSo^} ^5.300,000 

„ wire-ropes, ••••..v^ 90,000 15,000,000 

Lead, sheet, 3,Boo 720,000 

Steel bars, I ^ ^^^'^^ ^ 29,000,000 

' \ to 130,000 to 42^000,000 

Steel platesi, average, ••• 80^000 

Tin, (»u3t,.....« »••.•• 4y6oo 

JZinq, • 7^000 to 8^000 
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Matbbulb. 



Tenadtj, 

or Besistanoe to 

Tearingi 



Modnhis of 

Elasticity, 

or Resiatanoe ta 

StretchinSi 



TmnEB AHD OTHEB Obganio Fibbb: 

Acacia, false. See '' Locust" 

Ash {Fraacmus excelsior), 

Bamboo (^om^f^a a/rvmdvnacecb)y 

Beech {Fagri8 sylvatica), 

3irch. (BettUa (dba), 

Box (Buxus sefiwpervvremd), 

Cedar of Lebaiion((7ee;^ru«Zi&am), 

Chestnut (C«^««. r««.V {to 

Elm {JJham campestria), 

Fir : Bed Pme (Fimu ayheshia), < . 

ff Spruce (Abies exceisa), 

„ Larch (La/rix EtiropcBa), < . 

; '^Ay^ojii{Grai€Bgti80xy<ica/ntha), 

Hazel {poryhia AveUcma), 

Henipen Cables, 

Holly (Ilex Aquifoliitm), 

Hornbeam (Carpimis Betvltis),... 
Lftbtimum ((7;^i9te« Zo^t^mt^m), 
Lancewood (GuaUeria virgata). 
Lignum- Yitee (Chudacum offici- ) 

nafo), / 

Locust (Rchinia Pseudo-Acacia)^ 

MaJiogsaiy (Stoidenia Mahagom), < x^ 

Maple (Acer ca/mpestria), 

Oak, European (Querctu eessUir f 

Jlin'aajidQuerctu pedimculata), (to 
„ American Bed (Quercus) 

rubra), J 

Saul (Shorea robusta), 

Sy camore(ii cerPseudo-PlaUmus), 
Teak, Lidian (TecUma graaum), 

„ A&ican, (?) »... 

Whalebone, 

Yew (Taxm baccata), •• 



17,000 
6,300 
11,500 
15,000 ^ 
20,000 
11,400 
10,000 

i3>ooo 

14,000 
12,000 
14,000 



} 



12,400 
9,000 
10,000 
10,500 
18,000 
6,600 
16,000 
20,000 
10,500 
23,400 

11,800 

16,000 
8,000) 
21,800 j 
10,600 
10,000 
19,800 

10,250 

10,000 

I3jOOO 

15,000 

21,000 

7,700 

8|Ooo 



to 
(to 



to 



1,600,000 

1,645,000 

486,000 
1,140,000 

700,000 
1,340,000 
1,460,000 
1,900,000 
1,400,000 
1,800,000 

900,000 
1,360,000 



1,255,000 

1,200,000 
to 1,750,000 

2,150,000 

2,420,000 
1,040,000 
2,400,000 
2,300,000 
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Table op the Resistance of Materials to Sheasing and 
^ J)iaTOBTio^, in p<yund8 ovoirdtipaM 

-. ,. TransTOnM 

^^^<» Elasticity, 

Matbbials. to^ ^, Resistant to 

HETAI43: Shearmg. Distortion. 

Brass, "wire-drawn, 5>330>ooo 

Copper, 6,200,000 

Iron^ cast, 27,700 2,850,000 

.«rw.««T.+ i'r^ rsrsr^ / 8,500,00O 

„ wronglit, 50,000 1 ^ 9,500,000 

TnfHER * 

Kr":EedPine, gooto 800 f ,^|'°°? 

' *' {to 110,000 

„ Spruce, 600 

„ likrch, 970 to 1,700 

Oak, 2,300 82,000 

A.Bh and EliDy i#40O 7^,ooo 



'^ ' '•• /, 



III // fr ^ *^ 4 /> 

Table of the Besistance of MateriaiJs iro/!!^ bt a.^ / 

\ ^^ / / Aswtance ^ Q r 



BT0NES9 Natural and Artifictal: ^^"^^^^^^^^^^^^ ^^. 

Brick, weak red, 550 to 

„ strong red, 1,100 

„ fire, i)7oo 

Chal^ 330 

Granite, S^S^o to 11,000 

Lunestone, marble, 5)5oo 

„ granxdar, 4,000 to 4,500 

Sandstone, strong, 5)5oo 

„ ordinary, • 3>300 to 4,400 

„ weak, .'. 2,200 

Bubble masonry, about fonr-tenths of cut stone. 

Metals: 

Brass, cast, 10,300 

Iron, cast, yarious qualities, 82,000 to 145,000 

t . „ „ average, 112,000 

n wrought, about 36,000 to 40,0^ 



// 
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4 Bcristaace 

Hatebiau. to^ 

Tdibeb,^ Dty, croEdied alooog the gram: 

Ash, • 9,000 

B^edi, PjS^o 

Biidi, 6,400 

Blue-Gmn (Eiuuilyptus Glolmlvs), 8,800 

Box^ 10,300 

Bullet-tree {Ackras Sideroanylon), 14,000 

Cabacalli, 9,900 

CecUix of Lebanon, 5,86o 

Ebony, "West Indian {Brya Ehenus), 19,000 

Elm, iOj3oo 

Kr: Red Pine, 5,375 to 6,200 

„ AmeiicanYeUowPine(P'mt«t?aria^w), 5>4oo 

„ Larch, 5,570 

Hornbeam, 7^3^^ 

Lignum- Vitse, 9>90o 

Mahogany, 8,200 

Mora {Mora excdsa), 9^900 

Oak, British, 10,000 

„ Dantzic, 7>7oo 

„ American Bed,...*. 6^000 

Teafe, Tfndiair,. 12,000 

Water-Gum (^mtonm w«n/o?ia), •• 11,000 



IV. 

Table of the Eesistaxce of Materials to BREAEiEra Acboss, 

inpovaida cmovi^wpoia per squcvre mch, 

Besiatance to Breaking, 
Hatebialb. or 

Hodtdns of Bnptiire.t 

Btokes: 

Sandstone, — —•••••;•• i^ioo to 2,360 

Slate, 5>ooo 

* The reastances stated are for dry timber, (xreen timber is much weaker, baling 
■ometimeB only half the strei^^ of d^ timber against cmshii^ 

f The modtuus of mptore is ei^teen times the load whidi is reamred to break a bar 
rf one inch s goare , supported at two points one foot apart, and loaded in the middit 
feetwetn the'p<NBta4)f suppoit* 



COBTBRAL TAfiLBK 199 



SKuisliuioe to BmAngi 
Katekuoa or 

Modnlns of Baptore. 

Metals: 

Iron, caat^ <^Mai^work beams, average, 17,000 

„ ,, solid rectangular bars, yar. qualities, 33,000 to 43,500 

» » n n average,, 40,000 

„ wrou^t, plate beams, 42,000 

TncBEB: 

Ash, » • 12,000 to 14,000 

Beech, 9,000 to 12,000 

?irdi, 11,700 

Blue-Gum, 16,000 to 20,000 

Bultet-tree, 15,900 to 22,000 

Oabacalli, 15,000 to i($,ooo 

Cedar of Lebanon, 1 7,4oo 

Cbestnut, 10^660 

Cowrie m€mma/ra australis), 11,000 

Ebony, West Indian, , 27,000 

Elm, • 6,000 to 9,700 

Eir: Bed Pine, ....• — ^.. 7,100 to 9,540 

„ Spruce, 9,900 to 12,300 

„ I^cb, 5,000 to 10,000 

Oreenbjeart (I^eckmdra Eodim), 16,500 to 27,500 

Lancewood, i7,35o 

Lignum- Yitsa, 12,000 

Locust, • 11,200 

Mahogany, Honduras,.... ZI9500 

„ Spanish, 7,600 

Mora,.. 22,000 

Oak, British and Bussian, 10,000 to 13,600 

„ Dantzic, 8,700 

„ American Bed, /....•• 10,600 

Poon, ^....*, i3>3oo 

Saul, ^, ,.♦.. 16,300 to 20,700 

Sycamore, ^ 9,600 

Teak, Indian, ..^ ^..i^poo to 19,000 

„ African, »..•••• 14,980 

Tonka (Dipteri/x odorata), »» 22,000 

WateavGum, i7>46o 

Willo'w (Sailix, various q>ecies)|..« ^k*— 6,600 
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T. — SUPPLEiaSKTABT TABLES FOB WbOUGHT IbON AND StEEL. 

Mean results of experiments by W. K. Barlow, Esq., F.RS. :— » 



Tenftd^. 
Lbs. on the 
Square Inch. 

Fuddled steel, specimen L,... 95)233 
„ specimen IL,. .. 1 1 6,336 

cast in ingots, J ''*^*' 

Puddled steel, specimen III., — 

„ specimen IV., — 

„ specimen V.,.. — 

Homogeneous metal,. . ..; 100,994 

Steely iron,...! 69,456 



Proof Strenffdi, 
TraiiBTersely 

Loaded. 

Lbs. on the 

Square Lioh. 



60,000 

63,750 
52,500 

57,500 

52,500 



HodnlvBof 

dastioity 

under Tnms- 

TeraeLoad. 

Lbs. on the 

Square LiGh. 



62,500 22,964,000 



20,544,000 
24,802,000 
22,846,400 
23,833,600 
22,846,400 



"Weight of a cubic foot of puddled steel, 485*5 lbs. ; of steely 
iron, 483*6 lbs. (See the Engineer of 3d January, 1862.) 

Strength of Cold-rolled Iron. — The following results were obtained 
in some experiments by Mr. Fairbairn on the tenacity of iron. 
(See Manchester Transactions, 10th December, 1861.) 



Tenacity. Ultimate 

Lbs. per Square Inch. Extension. 

Black bar, 58,627 *2oo 

Same bar iron, turned, 60,747 '220 

Same bar iron, cold-rolled, 88,2 29 '07 9 

Oold-rolled plate, 114,912 

Mean results of experiments by M. Tresca on bars cut out of 
cast steel boiler plates. 

Tenacity. Limit of Elasticity. Modnlnsof 
Lbs. on the Lbs. on the Elasticity.— Lbs. Oik 

Square Inch. Square Inch. the Square Inch. 

Hard steel, untempered,... 74,300 36,000 29,500,000 

„ tempered, 103,000? 71,900? 27,300,000 

Soft steel, untempered,... 81,700 34)ioo 24,500,000 

„ tempered, 121,700 105,800 28,300,000 

The column headed "limit of elasticity" gives the tension up to 
which the elongation was sensibly proportional to the load. The 
results marked (?) are doubtful, because of discrepancies amongst 
the experiments of which they are the means. 
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YI. — SUPPLEHENTABY TabLE FOB CaST IbOK. 



Kinds of Iron. 



No. 1. Cold blast, 

No. 1. Hot blast, 

No. 2. Cold blast, 

No. 2. Hot blast, 

No. 8. Cold blast, 

No. 8. Hot blast, 

No. 4. Smelted by coke) 
without sulpbur, ) 

Toughened cast iron, ]Jq^ 

No. 8. Hot blast after first 

melting, 

No. 8. Hot blast after] 

twelfth melting, . 
No. 8. Hot blast after] 

eighteenth melting, ...^ 
Malleable cast iron,.. 



to 



Direst 
Tenad^. 



12,694 
17,466 

13434 
16,125 

13,348 
18,855 
13,505 
17,807 
14,200 
15,508 
15,278 
23,468 



23,461 
25,764 



48,000? 



Betistance 
to Direct 
Crnihing. 



56,455 
80,561 

72,193 
88,741 
68,532 

102,408 

82,734 
102,030 

76,900 

115,400 

101,831 

104,881 



129,876 

"9,457 
98,560 

163,744 
197,120 



Modnlas of 

Boutare 

of Square 

Bars. 



36,693 

39,771 
29,889 

35,316 

33,453 
39,609 
28,917 

38,394 
35,881 
47,061 
35,640 
43,497 

41,715 



39,690 
56,060 

25,350 



Hodnloa 

of 
Elastioi^. 



i4;00o,ooo 
15,380,000 

11,539,000 

15,510,000 
12,586,000 
17,036,000 
12,259,000 
16,301,000 
14,281,000 
22,908,000 
15,852,000 
22,733,000 



It is to be understood that the numbers in one line of the pre- 
ceding table do not necessarily belong to the same specimen of iron, 
each number being an extreme result for the kind of iron specified 
in the first column. 



Vn. — Resistance op Tihbeb to Twistikg. 

Modulus of Bnpture Modulus of Trans- 

by Wrenchiiig. Terse Elastici^. 

Lbs. on ine Square Lbs. on the Square 

Inch. Inch. 

Bed Pine of Prussia, i>540 116,300 

„ of Norway, 950 61,800 

Elm, • i>39o 76,000 

Oak (of Normandy), 2,350 82,400 

Ash^ • • 1,460 76,000 
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VIIL 

SUPPLEMENTABY TaBLE OF PROPERTIES OF TiMBEB GROWN IN CbTLON; 
SBLECfTED AND COMPUTED FROM A TaBLE OF THE PROPERTIES OF 
NINETT-SIX KINDS OF TiMBBR BY MODLIAR ADRIAN MeNDIS. 

Modulus of Modulus of xo-^^jua. ^f _ 

— r^^"" ^T^ ^p 

Square Inch. Square Inch. 

Aladel{ArtoecMrpU8 puhescens),.., 1,850,000 12,800 51 

Burute {Ghiovoxylon Swietenia), 2,700,000 18,800 55 

Oaha Milile (Fi^ea; o^^tma ?),... 2,000,000 13,900 56 
Caluvere. See " Ebony." 

€k)s {Artomrjma mtegrifolia), 1,810,000 11,000 42 



^ZZ)^'!^ZZ}^!^!Z} ^'360,000 13,000 7x 

Gal or Hal Mendora ( Fo&rta ) , ^^^ ^_ ,« «^^ 

sp.—^) / i>53o>ooo 13^300 57 

Hal Millie {Berry a AmmonUla), 970,000 15,200 48 
Ironwood. See " Naw." 
Jack. See " Cos." 

Mee (Bassia longifolia), 1,880,000 13,000 61 

Meean Milile (Fi^ea?aZ^i9^ma),... 2,040,000 14,200 56 

IS^lw {Mesua Nagahoi), 2,580,000 17,900 7 a 

Palmira. See « TaL" 

Paloo (if tmti^op^AeaxmeZra), ...... 2,430,000 18,900 68 

Satinwood. See " Burute." 

^OTYjB, {ThsBpesui populea\ 2,610,000 12,700 42 

Tal (JSora8mi8 flahdliformis), 2,810,000 14,700 65 

Teak {Tectona grcmdis), 2,800,000 1 4,600 55 

Additional Data from the Experiment^ of Captain Eowki^ 
RE, Captain Mayne, RE., and Moduar Mendis. 

Teak from Johore (Malay Peninsula), 1 9,400 

Teak from Cochin-China, 1,990,000 12,100 44 

Teak from Moulmein, 1,900,000 11,520 42 

^iiSS'^!!!!".!!!^"!} 964,000 34,400 54 

Iron-bark, rough-leaved, 1,157,000 22,500 64 



Jarrah, or "Australian Mahog- ) ^^ o 

fiur {Euc(dyptu8---T) ..; ^>^57,ooo 20,238 
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Stringy-bark (Eucalyptus gi-\ ^ ^ 

j/a^) from Austiilia, ... „ I h1o9,ooo 13,000 H 
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IX. — SUFPLEMENTARY TaBLS FOR StONE, LuK^ AND CeMENT * 

GniahinffStress in lbs. 
on tiw ERiaare Inch. 

Grauwacke from Penmaenmatir, • 1^9893 

Basalt, Whinstone, "5970 

Granite ^Mount Sorrel), • • 12,861 

„ (ArgyllBliire)i 10,917 

Syenite (Mount Sorrel), ♦ 11,820 

Sandstone (Strong Yorkshire, mean of 9 experi- 
ments), •••• 9^824 

„ (weak specimens, locality not stated), 3,000 to 3,500 

Limestone, compact (strong), ^ 8,528' 

„ magnesian (strong), 7*098 

„ „ (weak), 3,050 

The above are from experiments by Mr. Fairbaim. 

Mr. Fairbaim*s experiments further show that the resistance of 
strong sandstone to crushing in a direction parallel to the layers, is 
only six-sevenths of the resistance to crushing in a direction perpen- 
dicular to the layers. 

The hardest stones alone give way to crushing at once, without 
previous warning. All others begin to crack or split under a load 
less than that which finally crudies them, in a proportion which 
ranges from a fraction little less than unity in the harder stones, 
down to about one-half in the softest. 

A Year ato a Half after Mixture. ^SKr^id^ 

Mortar of Lime and Biver-Sand, 440 

„ „ „ beaten, 600 

Mortar of Lime and Pit-Sand,. .» 580 

„ my^ ,, oeaxen,. •••••^••••v ooo 

Hydraulic Mortar, of lime and pounded tiles,... 680 
„ „ „ beaten, 930 

Beton, or concrete, of mortar and broken flints; 420 

Sixteen Years after Mixture, the increase of strength is in 
the following proportions : — 

For common mortar, ••..••• i-8th. 

For hydraulic mortajr, • i-4th. 

Six Months after Mixture. Lbs. cm 

Adhesion of common mortar to compact lime- Sq. in. 

stone, •••... • 15 

Adhesion of common mortar to brick, ••.•>•• 33^ 

• See page 305. 



204 



STRENGTH OF MATERIALS. 



One Year after Mixturb. JSS^x^^ 

Gk)od hydraulic lime, 170 

Ordinaiy hydraulic lime, < /^^^^••••••••— • ^40 

Bich lime,.. •• 40 

Good hydraulic mortar, .•.. 140 

Ordinaiy hydraulic mortar, •....••• 85 

Good common mortar, •••• 50 

Bad common mortar, 20 

Cement from chalk lime and blue clay, a few 

days after mixture, 125 

Portland cement (from compact limestone and 

clay) 30 to 50 days after mixture, 1,200 to 1,550 



X. — Miscellaneous Supplementary Table. 



MftterlaL 



Cast steel bar, 

Charcoal iron wire, 

Iron wire rope, 

Iron bar, strong, 

Boiler plate, strong, 

Teak wood, 

Deal, 

Hempen rope, hawser-) 

laid, / 

Hempen rope, cable-laid, 

Silken thread, < 

Flaxen thread, 



Dlxneii8ioii8L 



I m. X I in. 
area i sq. in. 
girth 1*27 in. 

I in. X I in. 
area i sq. in. 

I in. X I in. 

I in. X I in. 

girth I in. 

girth 10 in. 

area 0*000115 

sq. in. 

unknown. 



Tearing 

Lo&d, 

lbs. 



} 



130,000 
100,000 
4,480 
60,000 
50,000 
15,000 
12,000 

1,050 

67,200 

6 
6 



Length of 

lib. weight, 

in feet 



0*297 

o*3 
6*o 

0-3 

o*3 
3*0 
4-0 

26*0 

0*279 

19,950 
15.833 



Tenftclty in 
feet of the 
Material 



38,610 
30,000 
26,880 
18,000 
15,000 
54,000 
48,000 

27,300 

18,750 

119,700 

95,000 



Modulus of elasticity of silken thread ; 
3,000,000 feet of itself = 1,300,000 lbs. on the square incL 

Modulus of resilience of silken thread; 

473 foot-lbs. for a cord weighing 2 lbs. ; or 

205 foot-lbs. for a cord 2 feet long x 1 square inch area. 

The tenacity of silk-worm gut, in lineal feet of itself, is about 
the same with that of silken thread. 
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R6YAL Navy Canvas. 

Mean of Noa Mean of Nos. 
1, 2; 3, 4, fi, and 6. 7 and 8L 

Tenacity of warp in lineal fleet of canvas, 21,552 27,200 

Tenacity of weft in lineal feet of canvas, 30,788 32,000 

Mean tenacity of the flaxen yam in lineal 

feet of itself, being the sum of ihe 

tenacities of the warp and weft, 52,340 59,200 

(The above -are from the Trcms. of the Institution 0/ Engineers in 
Scotland for 1865-6, on the authority of Professor Bankine,'Mr. 
Peter Carmichael, and Mr. John P. Smith.) 

Aluminium bronze contains from 5 to 10 per cent, of aluminium^ 
and from 95 to 90 per cent, of copper. 

Its mechanical properties are as follows, according to Mr. Joha 
Anderson, of the Woolwich Gun Factory :— 

Specific gravity, 7*68; heaviness, 480 lbs. per cubic foot. 

Tenacity, 73,000 lbs. per square inch. 

Resistance to Crushing, 132,000 lbs. per square inch. 

Cast steel in small blocks ; resistance to crushing, 
in lbs. on the square inch, according to Mx. 
Fairbaim, • 269,000 



Section II. — ^Eules. 

1. Factors of flafety aad Slodali of Strength :~- 

DeadLoad. LiYoLoad. 

Factors of safety for perfect materials and ) 

workmanship,:. .^. / » 4 

For good ordinary materials and workman* 
ship:— 

Metals,....'. 3 6 

Timber, 4 to 5 8 to 10 

Masonry, 4 8 

A dead load on a structure is one that is put on by imperceptible 
degrees, and that remains steady; such as ihe weight of the 
structure itself. 

A live load is one that is put on suddenly, or accompanied with 
vibration; such as a swift train travelling over a railway bridge, 
or a force ezei*ted in a moving machine. 

BuLE L — Given, the proportions of live and dead load on a 
structure; to find the &.ctor of safety for the mixed load; multiply 
the factor of safety for a dead load by a number proportional to 
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the dead part of the load, and the fisictor of safety for a live load 
by the number proportionalv to the live part of the load; add 
together i^e products, and divide by the sum of the multipliers. 

Example. — In an iron brieve, suppose dead load : Hve load 
: : 5 : 4; then (3 x 5) + (6 x 4) = 39; and 39 -5- (5 + 4) = 4^, 
£tctor of safety for mixed load. 

BuLE II. — Given, the hredkmg load of a piece of material; 
to find the proof had; divide by the factor of safefy for a dead 
load. 

Bma IIL — Given, ithe intended warhmg had on a piece c€ 
material; to find the least -fp^roi^ hreoJcmg had; multiply by the 
proper factor of safety as found by Buk L 

Bulk IY. — To find the working vnoe^t^u^ or co-efficient of strength 
of a given piece of material; divide the modulus or co^efficient of 
vllmiaJte ^trtfngih by the proper fitctor of safety. (The co^effioknts 
in the tables of the preocMiing section relate, with a few exeeptioii% 
to ultimate strength, or breaking load.) 

2. Vaiforai Tenskm.— BuLE Y. — To find the mtensUy of (he stress 
on a bar bearing a tensile load; divide the load by tl^ sectional 
area of the bar. 

BuLE YI. — ^To find the breaking had, or the wovkmg had, of a 
bar subjected to tension ; multiply the sectional area of the bar by 
the modulus of ultimate or working tenacity, as the case may 
be (having due regard in the latter case to the proper fisictor of 
safety). 

BuLE YIL — To find the secthmal a/rea of a bar to bear a given 
load ; divide the load by the proper modulus. (See Bule IY.) 

BuLE YIII. — ^To find the proportionate extension of a stretched 
bar; divide the intensity of the tensile stress by the ^^ modulus of 
dastidiyr (See Tables.) 

To find the elongation; multiply the length of the bar by the 
proportionate extension. 

K.B. — This Bule holds only when the load is not beyond the 
proof strength of the material In applying it to a live had, that 
load must be doubled, so as to reduce it to the equivalent dead 
load. 

BuLE IX. — To find the resilience of a bar under tension; 
multiply the proof load by half the corresponding elongation : or 
otherwise; multiply the modvhis of resilience by half tlie volume 
of the bar. 

The five preceding Bules are applicable when the resultant of 
the stretching load traverses the centre of each cross-section of 
the bar. 

3. ITaMnndy Tarying TeaatoB. — Wiien the resultant of the 

stretching load does not traverse the centre of the cross-section i^ 
the bar, the intensity of the stress will sensibly vary at an uniform 
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rate; a&d mil be least at that edge of the aedian Jrom wliicli the 
resultant deviates^ aod greatest at that edge towa/rda which the 
resultant deviates. The Trtean itUeasUy will be the juune with that 
given \^ the Bnles of the preceding Article. To find the ratio 
in which tbe ^greatest intensity exceeds the meai^ proceed as 
follows.: — 

lEuLE X-— I^d the ceTiire gf magnitude of vthe cross-section as im 
the Bnles of pages 81, 82, 83, and 85. Then find its eeatre qfper- 
eusaion relatively to the edge from which the resultant load deviates.* 
(See pages 155^ 156, 157.) Divide the deviation of the resultant 
of the load from the centre of magnitude by the deviation of that 
centre of percussion from the centre of magnitude. Divide the 
distanoe of the centre of magnitude fiom the edge towards wHch 
the resultant load deviates by the distance of the same centre from 
the opposite edga (In symmetrical sections this second quotient 
is = 1.) Multiply together the two quotients, and to the product 
add 1. (In symmetrical sections add 1 to the first quotient.) The 
sum will be the ratio in which the greatest intensity of the stress 
is greater than the mean intensity. 

4. Resistance of Thin Shells to Bnrstlnc. — Let r denote the radius 

of a thin hollow cylinder, such as the shell of a high pressure 
Iboiler; t, the thickness of the shell; /, the tenacity of the material, 
in pounds on the square inch; p, the intensity of the pressure, in 
pounds on the square inch, required to burst the shelL This ought 
to be taken at six tijnes the effective working pressure — effective 
pressure meaning the excess of the pressure from within above the 
pressure from without, which last is usually the atmospheric 
pressure of 14*7 lbs. on the square inch, or thereabouts. 

BuLE XI. — To find the bursting pressure of a given thin cylirh- 
drical shell ; make 

BuLE Xri. — To find the proper proportion of thickness to radius 
for a given ultimate tenacity and bursting pressure; 

t p 

Yalue of / for well-made wrought-iron boilers, with single- 
rivetted joints, properly crossed; about 34,000 lbs. on the square 
inch (Fairbaim). 

Bulb XIIL — ^To find the bursting pressure of a thin spherical 
shell; take double the bursting pressure of a thin cylindrical shell 
of the same radius, thickness, and material. 

Bulb XTV. — ^To find the least proper .thickness fior a IMn 
epherical shell of a given matewal And xadius, for a given bursting 
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pressore; take lialf the corresponding thickness for a qrlindrical 
«helL 

N.B. — ^When a cylindrical boiler has hemispherical ends, it is 
advisable to make i^em as thick as the cylindrical barrel^ notwith- 
standing that they are thereby made twice as strong. 

BuLE XY. — Suppose a shell of the figure of a segment of a 
sphere to have a cvrcala/r flange round its base, through which it is 
bolted to a flange upon a cylindrical shell, or upon another spherical 
shell Let r denote the radius of the sphere, in inches; r', the 
radius of the circular base of the segmental shell, in inches; j?, the 
bursting pressure, in lbs. on the square inch; then the number and 
dimensions of the bolts by which the flange is held should be such, 
that the load required to tear them asunder all at once shall be 

3-1416/2^; 

and the flange itself should require, in order to crush it, the follow- 
ing thrust in the direction of a tangent to it :-^ 

1 

If the segment is a complete hemisphere, / = r, and the last 
expression becomes = 0. 

5. Besiimiiice of Thick Sheik to Bnratiiis.— Let B. represent the 
external and r the internal radius of a thick hollow cylinder, such 
as a hydraulic press, the tenacity of whose material is J^ and whose 
bursting pressure is p, 

B.ULE XVI. — To find the bursting pressure of a given thick 
hollow cylinder; make 

. R2-r2 

Rule XVIL — ^To find the proper proportion of outside to inside 
radius for a given tenacity and bursting pressure; make 

The corresponding formulae for a tiivck hoUaw sphere are 
Eouxvm.- y./.^i-^. 

6. BMistanco tm Shearing.— In rivets, keys, pins, bolts, treenails, 
and other feistenings exposed to shearing stress, the greatest mbensUy 
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of the stress is liable to become greater than the mean intensity, 
through unequal distribution. The strength of fastenings, allow- 
ing for that inequality of stress, is to be made equal to that of the 
main pieces which they connect together. 

EuLE XX. — To find the strength of an eoLsy-JUting fastening 
against shearing; multiply the sectional area by the modulus of 

strength; then take ^ of the product if the fastening is rectangular 

3 

in section, or j if it is circular or elliptical in section. 

For a 'perfectly tight fitting fastening the strength is the whole 
product just mentioned. Many actual fastenings are intermediate 
between easy and perfectly tight fastenings. 

BuLE XXL — Ordinary dimensions of nvcfo; — 

Diameter for plates less than half an inch thick;, about double 

the thickness of the plate. 
For plates of half an inch thick and upwards, about once and 

a-half the thickness of the plate. 
Length, before clenching, measuring from the head = sum of the 

thickness of the plates to be connected + 2^ x diameter of 

the rivet. 

BuLE XXI. A. — Rivetted Joints. — ^Make the joint sectional area 
of the rivets equal to the area of plate left after making the rivet 
holes; or in symbols, — 

Let t denote the thickness of the plate iron; 
d, the diameter of a rivet; 

71, the number of rows of rivets transverse to the pull; 
c, i^% pitch from centre to centre of the rivets in one row; then 

, -7854 71^^2 

c = a + . 

z 

* 

Each plate is weakened by the rivet holes in the ratio 

c " d _ '7854 n d 
c ~ t + '7854: n d} 

In "single-rivetted" joints, w = 1 ; in "double-rivetted" joints, 
n = 2; in "chain-rivetted" joints, n may have any value greater 
than 1. A single-rivetted joint is weakened by unequal distri- 
bution of the tension in the ratio of 4 : 5. 

Suppose that in a chain-rivetted joint the pitch, c, is fixed; then 

_ {c^ d)t 
^ " -7854 d^' 
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7. gurtifce tm CompwemAon «b4 IDirect €nuU«g« — ^Besistanoe 
to longitudinal oompreasionf when the proof stress is not ezoeeded, 
is sensibly eqnal to the resistance to stretching, and is expressed 
by the same modulus. When that limit is exceeded, it becomes 
irregular. (See Bule YIII., page 206.) 

The present Article has reference to direct and simple crushing 
only, and is limited to those cases in which the pillars, blocks, 
struts, or rods along which the thrust acts are not so long in pro- 
portion to their diameter as to have a sensible tendency to give way 
by bending sideways. Those cases comprehend — 

Stone and brick pillars and blocks of ordinary proportions; 

Pillars, rods, and struts of cast iron, in which the length is not 
more than five times the diameter, approximately; 

Pillars, rods, and struts of wrought iron, in which the length is 
not more than ten times the diameter, approximately; 

Pillars, rods, and struts of dry timber, in which the length is not 
more than about twenty times the diameter. 

In such cases the Bules of this Section, from V. to VII., 
and also E.ule X. (pages 206, 207), are approximately applicable, 
substituting thntst for tension, and using the proper modulus of 
resistance to direct crushing instead of the tenacity. 

Blocks whose lengths are less than about once-and-a-half their 
diameter offer greater resistance to crushing than that given by 
the Bules; but in what proportion is uncertain. 

8. strengtii of lioag stnHs aad PiUan. — ^Long struts and pillars 
give way by bending sideways and breaking across. Let P be the 
breaking load of such a pillar; S, its sectional area; Z, its length; r, 
the least radius of gyration of its cross-section (see page 154); y and 
e, two co-efficients depending on the material; then 

Bulb XXIL — ^For a strut or pillar fixed in direction at both 
ends, 

cr^ 
Bulb XXTIL — For a strut or pillar jointed at both ends; 

P / 

S ~ J 4^' 

BxTLE XXIY. — For a strut or pillar jointed at one end and fixed 
ftt the other; 

S ~ 16 P • 



WttTO SXBUTS— GOLLAPSmO. 

YaiiUes of thk OantaTAxta. 

/ e 

Lbs. on th« Sqnara IndL 

Mdleable iron, 36,000 36,000 

1^ ifonj 80,000 6,400 

Dry timber, ^^200 3,000 

Table op Yalxtes op r^ fob Different Fobhs of 

Cross-Section. 
Solid rectangle; least dimen- 
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sion = h; j 

Thin square cell; side = A;.... 
Thin rectangular cell; i 

breadth, b; depth, h; j 

Solid cylinder; diameter =zh; 
Thin hollow cylinder; dia- ) 

meter r=^; ' 

Angle iron of equal ribs; 
breadth of each = b; J 

Angle iron of unequal ribs; ' 
greater, 6, less, h; ' 

Cross of equal arms; 

H-iron; breadth of flanges, ) 
h; theirjointarea. A; area > 
of web, B; j 

Channel iron; depth of^ 
flanges + ^ thickness of 12 
web, h; area of web, B; of " 
flanges, A; 

Barlow rail; cross - section ' 
composed of two quad- 
rants of radius R, mea- 
sured to middle of thick- 
ness, connected by a table 
of sectional area = joint 
area of quadrants x '273; . 

Pair of Barlow rails as above, 1 
rivetted base to base;...... j 

Circular segment of radius ) 
R and length 2 R ^; j 



h^ -r 12, 

h^ ^ 6. 

12* h + b 
A2 4. 16. 

52 ~ 24. 

52 ^2 ^ 12 (52 + Jfiy 

Ifi 4. 24. 

^, A 
12 A + 3* 



{u 



+ 



AB 



(A + B)^4(A + B)2 



}• 



R2 .f. 7 nearly. 



u+ 



•S93 R« 

cos 6 sin 9 
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sin* 9 \ 



R2 



9. BeahiaMee of TnfeM to €oH«»«teg.— RuLB XXV.— Collapsing 

pressure in Iba on the square inch = 

9,672,000 thickness2 

— ■ • 

length X diameter ^ 
all the dimensions being in the same units of measim^ 
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When tubes are stiffened bj nngs^ the length in the rule is to 
be measured from ring to ring. 

10. AcUoB of m TmasTcne Ijmmd on a Bmub. — ^If the load con- 
sists of several parts, find the resultant load bj the Kules of Part 
v., page 164, and Part IV., page 153. Then find the mpporting 
forces by the proper rule (XIX.) in page 163. 

BuLE XXVL — ^To find the sheaHng actions exerted in a series of 
intervals of the length of the beam : — 

Case L — If the loaded part of the beam projects outward from 
its point of support, and the load is applied at detached points, the 
shearing action in the outermost interval is equal to the load at 
the outermost point. 

To the shearing action in any interval add the load applied at 
the inner end of that interval; the sum will be the downward 
shearing action in the next interval inwards. 

For a distributed load, in symbols; let ef a? be an interval of the 
length; w, the load per unit of length; F, the shearing action at 
the distance a; inwards from the outermost loaded point; then 

F= f^wdx. 



=/: 



Case II. — If the loaded part of the beam lies between its points 
of support, and the load is applied at detached points; the upward 
shearing action in the interval next one of the points of support 
is equal to the supporting force at that point. 

From the shearing action in any interval subtract the load 
applied at the point next beyond tliat interval ; the remainder will 
be the shearing action in the interval next beyond. 

For a distributed load, in symbols; let P<, be the supporting 
pressure at the end where the calculations commence, and F the 
shearing action at the distance x from that end; then 



^^Vo~ jl^odx. 



Behare. — In calculating the series of shearing actions in Case 
II., a point is reached where the shearing action changes its direc- 
tion, as shown by its algebraical sign changing from positive to 
negative. This is the point where the load divides (as in page 
171). At the further end of the span the shearing action is equal 
in amount to the supporting force at that end, but of contrary 
algebraical sign. Let I be the span; P/, the supporting force at its 
further end; and F/, the shearing action close to that end; then 



^;= Po- Pwdx—" P/; 



and this formula serves as a check on the accuracy of the calcula- 
tions by the preceding formula. 
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Rule XXYIL — To find the bending momenta exerted at a series 
of points in the length of the beam. Multiply the length of each 
interval by the shearing action exerted in that interval; add 
together the products corresponding to the intervals which lie be- * 
tween one end of the beam and the point where the bending 
moment is required; the sum will be the required bending 
moment. 

In symbols, let M be the bending moment at the distance x from 
one end of the beam: then 



M 



= ll^dx. 



Kemabe. — The accuracy of the calculation of the bending 
moments at a series of points may be checked by trying whether 
at the further end of the span the bending moment vanishes; 
that is 



^'=/; 



F(fa: = 0. 



BuLE XXVIII. — To find the greatest bending m^m^ent; take 
the bending moment at the point where the load divides; that is, 
where F = 0. 

For tables of the comparative values of different units of bending 
moment, see pages 104, 110, 113. 

11. BzplanatioB of the Table of Bzamplei. — W, total load; I, 

length of beam fixed at one end, or span of beam supported at both 
ends; F, shearing action, and M, bending moment, at distance a;'' 
from one end ; x\, distance from one end at which shearing action 
is greatest; k, ratio of greatest shearing action to total load W; 
x'q, distance from same end at which F = and M = a maximum; 
m, ratio of maximum bending moment to Wl, That is to say, 
let F^ = greatest shearing action, and M^ = greatest bending 
moment; then F^ = kW; Mq = mWL 

To transform the expressions in the following table, Cases IV. 
to VII., which are suited for co-ordinates measured from one 
point of support of a beam supported at both ends, into expressions 
•suited for co-ordinates measured from the middle of the beam, 
let c be the half-span, and substitute 2 c for I, c — x for x', and 
c + X ibr I — x', throughout the whole of that part of the 
table. 

12. TmTeiiing lioad on m Beam.— A beam of the span I is sup- 
ported at the two ends ; a permanent load of the uniform intensity 
of w lbs. per lineal foot is distributed over it. An additional load, 
such as the weight of a railway train, of ti/ lbs. per lineal foot, 
gradually rolls on to the beam from one end, covering it at last 
from end to end, and then rolls off at the other end. (For the 
oontinuation of this Article see page 216.) 
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KuLB XXIX. — ^The Greatest Shearing Action at a given cross- 
section occurs when the longer of the two segments into which it 
divides the beam is loaded with the travelling load as well as with 
the permanent load, and the shorter loaded with the permanent 
load only. Let F denote that action, and x* the distance of the 
section in question from the nearer end of the beam; then 



F = „(|_.)+!^<?^. 



Let X be the distance of the cross-section in question from the 
middle of the beam^ and c the half-span; then 

F = toaj + — ^-! — ^. 

The Greatest Bending Morneni at a given cross-section occurs 
when the whole span is loaded with the travelling load^ and is 
therefore given by Case VI. of the table ; viz., 

Kemare. — If the travelling load is liable to rush suddenly on to 
the bridge, like a swift railway train, its actual weight should be 
doubled in taking the value of w', in order to reduce it to the 
equivalent steady load ; and when this has been done, the factor of 
ssdety employed in further calculations may be that suited for a 
dead load. 

13. The Moment of Resistance of a Beam at a given cross-section 
ought to be at least equal to the greatest bending moment. 

Bule XXX. — In a skeleton beamt, consisting of stlingers and 
braces only (see ^g. 72, page 169), to find the moment of resist- 
ance at a given joint ; multiply the sectional area of the stringer 
opposite that joint by the greatest safe intensity of stress along it 
(tensile or compressive as the case may be) and by the perpendicular 
distance of the centre line of the stringer from the joint; the pro- 
duct will be the required moment of resistance. 

KuLE XXXI. — In a thin-webhed beam with parallel flanges 
along the edges of the web (in other words, of a thin-webbed I- 
shaped section) the flange which becomes convex by the bending 
of the beam is stretched, and that which becomes concave com- 
pressed. Multiply the sectional area of each flange by the greatest 
safe stress along it (tension or thrust according as the flange is 
stretched or compressed) ; then multiply the lesser of the two pro- 
ducts by the perpendicular distance between the centre lines of the 
flanges; the final product will be the required moment of resist- 
ance, approximaMy. In this method the moment of resistance 
of the web is neglected. 
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N.B. For the best economy of material, the two products first 
mentioned should be equal to each other. The cross-section of the 
beam is then said to be of e^[U(d strength, 

E.ULE XXXII. — In a solid beam, to find the moment of 
resistance at a given cross-section : — 

Step 1. — Find the neutral cuds of the cross-section by taking its 
centre of magnitude (see pages 81 to 84), and drawing through 
that point a straight line perpendicular to the plane in which the 
bending of the beam takes place. 

Step 2. — Find the geometrical moment of inertia of the cross- 
section relatively to its neutral axis, by dividing that section into 
narrow strips parallel to the neutral axis, multiplying the area of 
each strip by the square of its distance from the neutral axis, and 
adding the products together. (In Rules I., II., and III. of page 
154, put "cross-section" for "body," and "area" for "mass," 
and those rules become applicable to the present purpose.) In 
symbols, let y be the distance of any strip from the neutral axis; z, 
its length parallel to that axis; dy, its breadth ; and I, the geometri- 
cal moment of inertia of the section ; then I = I y^zdy {=zn^bh^, 

where h is the breadth, h the depth, and n' a factor depending on 
the form of section). Also, let S be the sectional area, and r the 
radius of gyration of the section relatively to its neutral axis (see 
page 211); thenI = r2S. 

Step 3. — Divide the greatest safe tensile stress on the material 
by the greatest distance of the stretched particles of the cross- 
section from the neutral axis, and the greatest safe compressive 
stress by the greatest distance of the compressed particles from 
the neutral axis; multiply the lesser of those quotients by the 
moment of inertia of the cross-section; the product will be the 
required moment of resistance. 

In symbols, let y^ and y^ be the greatest distances of compressed 
and stretched particles from the neutral axis; /^ and^, the greatest 

safe thrust and tension on those particles respectively; let — stand 

for the lesser of the two quotients, — , -- : then the moment of 
resistance is ^ -r 

2/1 

where w is a fector depending on the form of cross-section. Another 
expression for the moment of resistance is as follows : — 
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in which S is the area oi the cross-section, and q a suitable 
numerical £EM^r. 

For the best economy of material, the two qaoti^ts ought to be 
equals that is to saj, 

yi y« y* ^ * 

This gives a cross-section of equal strength, 

ExAXPLES OF THE KlTMEBICAL FaCTOBS. 



Form of Gxoaa-Secttana. 
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vertical axis h^ .- ) 

Horizontal axis 6, > 

(iBcluding circle) ) 

m. HoUowrectangle, 6 A— 6' A';"j 
also I - formed section, 
where {^^ is the sum of the - 
Inreadihs of the lateral 

iV. Hollow square^ ) 
A« — A^S \ 

V. Hollow elliDse. 


nr I 
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FoBK OF Cboss-Ssctioh; 

L Becfangle,....^ ^ 

II. Ellipse and circle^ .^...••••••••. jL 

IIL Hollow rectangle, i;..,^ 

S = 6A - 6' A'; also I-sbaped i « ?-*! 

section, b' being the sum of ^ ^^ 

the depths of the lateral ^A 5'A' \' 

hollows, ^y- hh ) 

IV* Hollow square, S = A^ — h\,., 

V. Do., very thin (approx.), -5. 

TL H<...,=mp», -i('-w)*(' - sr> 

TIL HoUow circle, | A + ^. 

VIIL Do., very thin (approx.), -. 

IX. T - shaped section; £ange A, C (0 -i- 4 A 

web C; S = A + (approx.), 6 (0 + A) (C + 2 A) ' 

X. I-shaped section; flanges A, B; 
web G; S = A + B + C; the 

beam 8upp««ed to give ^7 atc(C + 4A + 4B) + 12AB 
the flange A (approx.), -i-^^—^^^-L^-^. 

X.A> Dok, do., the beam sup- 
posed to give way at the flange (, .q ^ ^ ^ ^ ^ ^v ^ j2^ 3 

^ (*PP"*^)' - 6X C+2A)(A+B TC)- 

XI. I- shaped section; with equal 

flanges; A=B;S = C + 2A \ (i + _iA_\ 
(approx.), 6 \ C + 2 A/ 

14. €3 y ii B c cti— of JB^aai snmiftih have already been mentioned. 
The following rules are applicable where the beam is I-shaped, con- 
sisting of a vertical web, rectangular or nearly so in section, with 
flanges of small depth compared with the depth of the web, running 
along its upper and low^ edges. 
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Let fa be the greatest safe thnist; ^,the greatest safe tension; 
ya and yi^ the distance from the neutral axis to the centres of the 
compressed and sti-etched flanges respectively; ^ = y^ + yh, the 
depth between the centres of the flanges; A and B, tiie sectional 
areas of the compressed and stretched flanges respectively; C, the 
sectional area of the web measured from centre to centre of the 
flanges. 

EuLE X X X III.-^ greater than ^ (as in cast iron). Given, 

A, C; to find B; 

E.EHARE. — ^The moment of resistance is 

M = A {/. A + (2/, -/.) ^ } = a{/»B-(/.-2/»)^ }. 

In practice, A^ B is often used as an approximation to this 
moment. 

BuLE XXXIII A.— ;/i less than^ (as in wrought iron). Given, 

B, 0; to find A; 

A ='^* • B +'^fe^" 0. 
Remark. — The moment of resistance is 
M = a{/.B + (2/.-/.)|} = a{/.A + (2/.-/»)5}. 

In designing I -shaped beams, fix C by considerations of prac- 
tical convenience, and then find A and B so as to give the required 
moment of resistance. 

15. liOngitadinal Secdoas of Bqnal Strength. — BuLE XXXIY. — 

To give a beam a longitudinal section of equal strength, make h h\ 
or h S, at different points of the length of the beam, vary propor- 
tionally to M ; taking care near the points of support to leave 
enough of material to resist the shearing action. 

To effect this with the greatest economy of material, let the 
depth, h, be uniform, and make the breadth, 6, or the sectional area, 
S, vary proportionally to M. 

To effect the same thing, and give the beam the greatest possible 
flexibility, either let h be constant, and make h vary proportionally 
to ^/^i; or let S be constant, and make h vary proportionally 
toM. 

16. Allowance for Ifcifiht of Beam.— BuLE XXXY. — Let W 

be the exteiiial working load, dead, live, or mixed, on a beam; a', its 
proper factor of safety; and let 8 be the £Eu;tor of safety for a dead 
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load. Having fixed the depth beforehand, calculate a provisional 
breadth, or a provisional sectional area, suited to bear safely the 
external load alone; and thence compute a provisional weight for 
the beam, — say B', Then increase the breadth, or the sectional 
area, in the following ratio : — 

s'W 



s'W' — sB' 



and the beam will safely bear its own weight in addition to the 
given external loaS. 

KuLE XXXVI. — Given, the span I, weight B, and external 
working load W of an actual beam of a given sort; to find the 
limiting span, L, of a beam of the same sort, and with the same 
proportion {h -^ l) o£ depth to span, which wHl just bear its own 
weight safely and no more. 

T , s'W+sB 
^ = ^•—75— 

BuLE XXXVII. — Given, for a certain sort of beam, with a 
given proportion, h -r- I, of depth to span, the span I, and the 
limiting span, L, of similar beams; to estimate the probable pro- 
portion of weight of beam to external load; 

B s' I 



W s L — ; 

17. Heiiection of Beams.— BuLE XXXVIII. — To find the curv- 
ature (that is the reciprocal of the radius of curvature) of an 
originally straight beam at a given cross-section. 

Case I. — The bending moment given. Divide the bending 
moment by the moment of inertia of the given cross-section (see 
Article 13 of this section, page 217), and by the modulus of elasticity 
of the material In symbols, let r be the radius of curvature; then 

1_ M 
r""Er 

Case II. — The cross-section under its proof stress. Divide the 
proof stress (/^) by the distance of the most severely strained 
particles from the neutral axis, and by the modulus of elasticity; 
the quotient will be the proof curvature; 

r Eyj 
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In eroig'Seaums of equal strength the proof curvature is 

EuLE XXXIX. — To find the slope of the beam (originally level) 
at a given point. Divide the length of the beam into small 
intervals (d x); midtiply the length of each interval by the curva- 
ture at its centre (giving the product — J ; add together the 

products for the intervals from a point where the beam continues 
horizontal to the point where the slope is required; the sum 

( * = J — J will be the required slopa 

KuLE XL. — ^To find the deflection. Multiply the length of 
each small interval by its slope (obtaining the product i d a?) ; add 
together those products for the intervals extending between the 

highest and lowest points of the beam^ the sum (v = j id x) will 

be the required deflection. 

The preceding is the general method The following are special 
rules: — 

Let c be the half -span of a beam supported at both ends, or the 
length of a beam fixed at one end; h, the extreme depth, and b, the 
extreme breadth of the beam; W, any given load;^, the proof 
stress; or/„,the proof thrust, and/(,the proof tension, in cross-sections 
of equal strength; m'h, the distance of the most severely strained 
layer from the neutral axis; n' b h^y the moment of inertia of the 
greatest cross-section; m", n", m"', »'", numerical multipliers. 

Ituu: XLL — Steepest slope under proof load; 

^ E«t'A' V EA /• 
Btfis XLII. — Ftoof deflection; 

^ Bm' h^ \ Eh J 

KuLB XLIIL — Steepest slope under a given load, W; 

^^'^EUFbW 
BuLE XLIV. — ^Deflection under a given load, W; 

n"' W c8 



1 



En'bh^ 
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Case. 

A. TJnifobm CEOSSrSEcnoN. 
L ConstantMomentof Flex- ) 

ure, j 

IL Fixed at one end, loaded-) 

atother, j 

TTT. Fixed at one end, uni- ) 

formly loaded, J 

IV. Supported at both ends, ) 
loaded in middle, J 

Y. Supported at both; ends, ) 



Proof Load. Given Load* 

Factors for Factoni for 

Slope. Deflection. Slope. Deflection. 



f»' 



// 



// 



1 

2 
1 

3 
1 

2 
2 



imiformly loaded, j 3 



1 
2 
1 

3 
1 

K 
1 

3 
5^ 

12 



W" 



1 

2 
1 

6 
1 

4 
1 

6 



1 

3 
1 

& 
1 

6 
5_ 

48 



B. Uniform Strength and Uni- 
form Depth. 



(The curvature of these is uniform). 

YI. Fixed at one end, loaded ) 
at other, j 

YIL Fixed at one end, uni- ) 
formly loaded, j 

VIIL Supported at both ends, ) 
loaded in middle, J 

IX. Supported at both ends, ) 
uniformly loaded, y 



1 

2 
1 

2 
1 

2 
1 

2 



• I 

1 1 

2 4 

1 1 

2 4 

1 1 

i s 



C TJmFOBM Strength and Uni- 
form Breadth. 



X. Fixed at one end, loaded) ^ ... . ? 2 ? 

at other, j 3 3 

XL Fixed at one end, uni-). ^^^^ 1 infinite I 

formly loaded, j 2 

Xn. Suj^ported at both ends, ) o ? j ^ 1 

loaded in middle, J 3 ' ' 3 

XIII. Supported at both ends, ) ^.^y^g q.^^qq ^.gg^y 0*1427 

uniformly loaded, J 
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EuLE XLV. — Given, the half-span, c, and the intended proof 
deflection, v^, of a proposed beam; to find the proper value of the 
greatest depth, Jiq*, make 

(taking n" from the preceding table, and making m' h^ as before, 
denote the distance from the layer in which the stress is/^ to the 
neutral axis.) 

If the cross-section is to be of equal strength, make 

*«= — e;;^ — • 

Rule XL VI. — To deduce the greatest stress in a given layer of 
a beam from the deflection found by experiment. 

Let h be the depth of the beam at the section of greatest stress, 
and y the distance from the neutral axis of that section to that 
layer of the beam at which the greatest stress is required : — 

c, the half-span of a beam supported at both ends, or the length 
of the loaded part of a beam supported at one end; 
w", the fe^tor for proof deflection, already explained; 
E, the modulus of elasticity of the material; 
V, the observed deflection; 
then the intensity of the required stress is 

'Eyv 

E.ULE XL VII. — To find the resilience of a beam loaded at one 
point; multiply half the proof load by the proof deflection. 

18. ConUnnoiu Oirdenu— In the following rules the girder is 
supposed to be of imiform cross-section, and to be continuous over 
two or more piers. The half-span of one bay is denoted by c; the 
fixed load per unit of span by i^; the travelling load per imit of 
span, if brought on slowly, by t«;'; if the travelling load comes on 
suddenly, w' must be understood to stand for the equivalent dead 
load; that is ttoice the actual travelling load per unit of span. The 
moment of resistance of the uniform cross-section is to be adapted 
to the most severe bending moment. 

Rule XLVIII. — To find the bending moment at mid-span 
(Mq), and the reverse bending moment over each pier ( - M^, when 
every span is loaded with the travelling load; 



CONTINUOUS GIRDERS — ^ARCHED RIBS. 225 

HuLE XLIX. — To find the said bending moment when the span 
under consideration is loaded with the travelling load and tho 
adjoining spans with the weight of the bridge only; 

iKio — g > — m^ — g . 

Every continuous girder bridge has two end hays at which the 
continuity stops; and these must be of less span than the inter- 
mediate bays. 

BuLE L. — The proper span of an end bay should be not less than 

c \/ « (or it will be too light); and not greater than 

<? ( 1 + V 3(J+^-) ) (^^ it wiU be too weak). 

To calculate the proof deflection of continuous girders, use Bule 
XLIV., page 223, with the following values of the multiplier n"; 



Every span folly loaded,. 



1 

8 



One span fully loaded; the adjoining spans loaded 
with the weight of the bridge alone; the lesser 
of the two following fjwstors, 



w + 3 w' 
4 w + 8 to' 

10 + Z to* 



19. Arched Bibi. — In the following rule the rib, of iron or 
timber, is supposed to have its centre line of the foim of a parabola, 
of the half-span, c, and rise, k The sectional area of the rib at its 
crown is denoted by A, and at other points that area is supposed 
to vary as the secant of the inclination of the rib to the horizon. 
The depth of the rib, h, is supposed uniform. The moment of 
resistance of the rib to cross-breaking is supposed to be denoted by 
f^q h A; q being the multiplier of which values are given in page 
219. The uniform fixed load per unit of span is denoted by uo; 
and the travelling load per unit of span, if gradually put on, by v/; 
if suddenly put on, w' denotes ttvice the actual travelling load per 
unit of span. The rib is supposed to be jointed at the crown and 
at the springing. 

Rule LI. — When the rib is fully loaded, to find the horizontal 
thrust (H), and the intensity of the stress (p), 

(t£+_wO^ H 
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BuiK UI. — ^When one-lia)f of the sp«n only is loaded inJUi the 
tBaTeUing load, the honzoiital thrust k^ 



^=(" +-!)«' 



Also, let -y^ = M' ; then the greatest intensily of stress is 



H-^^y 



BracABE. — 'EsMik .greatest stress is eompressiye; and is exerted 
near the middle of ihe length of the inner edge of the unloaded 
IobM of the rib, and of the outer edge of the loaded half. 

Rule LIII. — Given, the greatest safe stress, /„; to find the 

proper area, A, for the rib at its crown; calculate the two follov- 

M' 
ing quantities : H as in Rule LI. ; and ff H — 7' as in Ride LIL ; 

^yide the greater of them hj/^; the quotient will be the required 
area. 

20. stiffening Oirder.— RuLE LIV. — To find the proper momerU 
of renstcmce for a stiffening girder for a suspension bridge; calcu- 
late M' as in Ryle LII. The greatest shearing (ictian in that 

The stiffeniug ^der is liable to be bent upwards and down- 
wards alternately; and therefore it should be made alike above 
and below. 

21. Kesiatance to Twisting.— Let h be the external diameter of a 
shaft; h\ the internal diameter (if it is hollow); /, a modulus of 
stress. 

Rule LY. — Moment of resistance of 

a solid cylindrical shaft, Oa96/A«; 

a hollow <^lindrical shaft, »• -0*19 6/* • ■ , ; 

a solid square shaft,.... 0'2Sf A'. 

Rule LYL — To find the thickness of a diaft whidi diall hum 
ft given moment of resistance to twisting^ H. 

floSid cylindrical shaft, h^\J (qIm?) ' 

liollow cylindrical shaft, A' =»A; A = aV ( a.i^^ (1 ^«*W' a 

solid square shaft, h=: a/ ( a.qq / )* 



SHAFTS — BUCKLED PI.AXIB — SUSPEETSIOK BBIDGES. 227 

Stress in Lbs. on the Square Inch. 
BreaMng. Working. 

Cast iron, 27,700 4,000 to 4,500 

Wrought iron, 50,000 8,000 to 9,000 

. KuLE LYII. — When bending and twisting actions are corn- 
Lined on one shaft, let M be the bending moment, and T the 
twisting moment; then make the shaft of the diameter suited to 
resist the following ttoistm^ momemt: — 

M + V (M2 + T2). 

Bttlb LYIII. — The angle of torsion of a bar, whether cylindrical 

2 f I 
or square, when under the proof stress/', is -Frr'y ^ wkich I is 

the length, and k the thickness of the bar, and C the modulus of 
transverse elasticity. 

22. Buckled Plates^— BuLE LIX. — To calculate the load uni- 
formly distributed over a buckled plate, which will crush it; the 
plate being square, and fastened all round the edges. Multiply 
the depth to which the plate is buckled by the square of the thick- 
ness, both in inches and by 165; the product will be the crushing 
load in tons, nearly. Cental load which crushes a buckled plate, 

about 5 of uniformly distributed load. 

23. SvqpeMiMt Bridges.— As to the horizontal tension, see page 
173. As to stiffening girders, see page 226. 

KuLE LX. — Given, the working horizontal tension, H, the half 

span, oc, and the depression, y, of the chain or cable; to calculate the 

weight of a half-^)an of it. (Factor of safety, 6.) 

1S.X 
For the strongest wire cables, make C = . ^^^ „ ; 

Ha; 
For cable iron chains, make C == o aaa j* x « 

' 3,000 feet 

Then for a chain or cable of tmifbrm croas-asdiion, "die weight of a 

half-span is 

and for a chain or cable of tmiform length (the area vixyiiig as 
the tenaioii) the wei^t of a half-s^Mn is 

Tot eyes and fastenings of links, add one-eighth to net weight. 
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MACHINES IN GENEKAL. 

Section I. — Bules relating to the Comparison op Motions. 

1. motion of a Point. — ^As to measures of speed of advance, or 
linear velocity, and of speed of turning, or angular velocity, see 
page 102. In the following rules, when not otherwise specified, 
linear velocity is supposed to be expressed in fedb •per second, and 
angular velocity in circular measure per second. Linear velocities 
and angular velocities are represented by lines, and compounded 
and resolved, like forces and couples. (See pages 158 to 163.) If 

there be three bodies, 1, 2, and 
3, and 3 has a given motion 
relatively to 2, and 2 a given 
motion relatively to 1, the 
resultant of those two motions 
is the motion of 3 relatively 
to 1. 
gg Rule I. (See ^g, 86.)— 

^' * Given, the velocity and direc- 

tion, A B, of the motion of a point, A ; to find the component of that 
velocity along a given line, X A X ; from B, let fall B C perpen- 
dicular to X X ; A C will be the required component. In symbols; 

AC = ABcosCAB. 

BuLE II. — ^A point moves in a curve of a given radius (r) with 
a given linear velocity (v); to find the angvla/r velocity of revolution^ 
divide the linear velocity by the radius. In symbols; 

V 

a = -. 
r 

BuLE III. — In the same case, to find the rate of deviation; 
divide the square of the linear velocity by the radius; or otherwise, 
multiply the square of the angular velocity by the radius. la 
symbols; 

v^ 
rate of deviation = — = a^r, 

r 
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2. TmBslati«B •€ a Rigid Body is that kind of motion in whicli 
all points in the body move with equal velocities and in parallel 
directions along equal and similar paths, straight or curved. 

E.ULE rV. — During translation the relative motion of two points 
in a rigid body is = 0. Their comparcUive motion at any instant 
consists in equality of speed and identity of direction. 

3. B«taa«ii •£ a Rigid Body. — E.ULE Y. — Given, an axis of 
rotation in a rigid body, and the angular velocity of rotation; to 
find the direction and velocity of the motion of any point in the 
body. Let fall a perpendicular from the point on the axis; the 
required direction will be perpendicular to that perpendicular and 
to the axis; and the required velocity will be the product of the 
angular velocity into the length of that perpendicular. 

BuLE YI. — Given, the linear velocity of a point in a rigid body 
rotating about an axis; to find the angular velocity; divide the 
linear velocity by the perpendicular distance of the point from the 
axis. 

BuLE YII. — Given, an axis of rotation, and two points not in 
that axis; to find the compcbrcUive motion of those two points. The 
ratio of their velocities, or vdocity-roUiOy is equal to the ratio of their 
perpendicular distances from the axis. 

Bulb YIIL — ^A rigid body moves parallel to a given plane, and 
the directions of motion of two points in it are given; to find its 
axis of rotation, if any. 

If the two points are not in one plane parallel to the given plane 
of motion, take their projections on such a^ plane (A, B, in figs. 87, 
BSy 89); the motions of those projections will be identical with 





Fig. 88. 




Fig. 89. 

those of the original points. In each figure the arrows represent 
the given directions of motion of the points. 

Case I. — Directions not parallel (fig. 87). Perpendicular to the 
given directions, draw A O, B O, cutting each other in O; the 
required axis will traverse O, and be perpendicular to the plane of 
motion. 
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Case n.— DirectionB psrallel t^ each other, anil aot perpen- 
dicular to line of oonnectioH, A B. In this case the motkm. isone 
of translation, and there is no axis. 

Case in.— Directions perpendicnlajp to A B. (See figs. 88, 89.) 
In Uiis case l^e problem is indeterminate tualess tlie relocity-ratio 
of A and B is given. Then draw A Va, B Va, in the directions of 
motion of A and B, ani bearing to each other the given ratio; draw 
i^e straight line Va Vj, cutting A B (produced if necessary) in O; 
l^is will give fche position of the required axis. 

BxauxK. — The axis found by Rule VIII. may be either per- 
moment or tnsf ontoTieotcff. 

Rule IX. <See fig. 90.)— In a body rotating witii a given 

speed about a given axis, O, to find the 
component, in a given direction, B A, 
perpendicular to that axis, of the velocity 
of a point, A On A B let fall the per- 
pendicular O B, and multiply its length 
by the angular velocity. 

4. nfotton •€ lUgldly-ConBected j^vtets. — 

A pair of points, A and B (fig. 91), are 
so connected tiiat their distance from each 
ot^ter, A B, is invariable. 




Hg; 90. 




Kg. 9L 



Rule X. — Given, the directions, A a and B 5, of the motions of 
a pair of rigidly-connected points at a given instaiit; required, their 
velocity-ratio. Draw the straight lin^ of cormecHon, A B, and 
produce it if necessary. Then lay off in it any oonvenknt equal 
distances, A = B D. Throi:^h C and D draw perpendieulars to 
ihe Hne of oonnectien, cutting A a and B ^ in E and F. l^ien, 
TdLodty of A : velocity of B : : A B : B P. 

5. Witimmfim HHdtog Cmmms.— In % 92 let A B and D Tepre- 
sent a pair of smooth surfaces moving in sliding contact^ and let 
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T mark tli6 posiiton of the pair of particles wbiek at a ffj^ea 
instant touch each other, 

RuLB XL— Given, the directions T V^ 
and T Y2 of the motions <^ the con- 
tiguous particles; to find the ratio of their 
vdocities. At the point of contact 
draw T U of any convenient length 
normal to the two surfaces at that point. 
Through XJ draw XJ V^ Y^ parallel to 
the common tangent phme of those sur- 
faces, and cutting the directions of motion 
of the contiguous particles in V, and Vj, Then velooiiy of 
particle 1 : v^ocity of particle 2 : : T V^ : T Vj. 

Section II. — ^Rules eelatinq to Mechanisk. 

1. K«ltfBc Cmmamci* — ^[Hie conditions of rolling contact between 
two pieces in a machine (such as two smooth wheels, or a smooth 
wheel and a sliding bar) are as follows : — If the two pieces turn 
about axes, the two axes and the straight line of contact of the two 
pieces must be in the same plane, and must either be parallel or 
intersect in one point. If one piece turns on an axis, and the 
other slides, the axis and the line of contact must be parallel to each 
other, in one plane perpendicular to the direction of sliding. 

Rule I. — Two pieces (smooth wheels) are to turn in rolling 
contact with each other about a pair of parallel axes, with a given 
ratio of angular velocities; say that of a : 6. To find the position 
of the line of contact of the pitchrswrfacea; let e be the Ivm of 
cerUres; that is, the perpendicular distance between the axes; then 
the distances of each point of contact are, — 

h c 
From the axis about which the angular velocity is as a; -', 

From the axis about which the angular velocii^ is as 5 ; ?. 



In other words, the radii a/re inversely as the wngula/r vetoeiiies. 
Rule II. — A rotating piece (such as a smooth wheel) and a 
sliding piece move in rolling contact. Given, the angular velocity 
of the rolling piece; to find the linear velocity of the sliding piece; 
multiply the angular velocity of the rolling pieee by ^e peipen- 
<licular distance from its axis to the line of contact of ibe 
pitch-surfaces. 

Rule III. — Given, the ratio of the angular 'wlodtiee of two 
corneal or smooth bevel wheels about their axes (winch meet in one 
point); to find the line of contact of the pitchrsaifaoes of those 
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wheels. In ^g. 93 let O A, O C be tlie two axes, intersecting in 
O. Lay off on those axes^ O a, O 6, respectively proportionid to 

the angular velocities of the 
wheels which are to turn about 
them. Complete the parallelo- 
gram O b c a; the diagonal 
O c (produced as Deu: as 1*0- 
quired) will be the line of con- 
tact of the two pitch-surfaces ; 
and those surfaces will be 
^^' ^^' cones made by sweeping that 

line round the two. axes respectively. 

2. Skew-Berel niieek. — The pitch-surfaces of skew-bevel wheels 
are hyperboloids, generated by the revolution of the line of 
contact about each of the axes, to which it is neither parallel nor 
intersecting. 

BuLE IV. — ^The directions and positions of the axes being given, 
and the required angular velocity-ratio, a : 6, it is required to 

find the MiguUiea of the line of con- 
tact to the two axes, and its least 
perpendicular distances from those 
axes. 

In fig. 94 let A B, C D be the 
two axes, and G K their commou 
perpendicular. 

On any plane normal to the com- 
mon perpendicular draw a 6 || A B, 
c <;? II C D, in which take lengths in. 
the following proportions : — 

a ih : : hp : h q; 




F^94. 



complete the parallelogram hp e q, and draw its diagonal, e hf; 
the line of contact, E H F, will be parallel to that diagonal. 

From p let fall p m perpendicular to A 6. Then divide the 
common perpendicular, G K, in the ratio given by the proportional 
equation, 



Ae:em:wA::GK:GH:KHj 

and the two segments thus found will be the least distances of the 
line of contact from the axes. 

The first pitch-surfiu^ is generated by the rotation of the line 

E H F about the axis A B, with the radius vector GH; the 
second, by the ro tation of the same line about the axis C D, with 
the radius vector H K. 
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3. Teeth •€ iTheek. — E.ULE Y. — To find the least thickness 
suitable for the teeth of a wheel Divide the pressure to be trans- 
mitted by 1,500 lbs., and extract the square root of the quotient 
for the thickness on the pitch-circle in inches. 

HuLE VI. — To find the least pitch suited for the teeth of a wheel ; 
multiply the least thickness on the pitch-line by 2^. 

Rule VII. — To find the least breadth suited for the teeth of a 
wheel; divide the pressure to be transmitted, in lbs., by 160, and 
by the pitch in inches; the quotient will be the required breadth 
in inches. 

BuLE VIII. — To find the proper circumference for a wheel; 
multiply the pitch by the intended number of teeth. 

BuLE IX. — To set out involiUe teeth. In fig. 95 let Cj, Cg be 
the centres of two circular wheels whose pitch circles are Bj, Bg. 
Through the pitch-point, I, draw the intended Une of connection^ 
Pj Pg, making the angle I P = ^ with the line of centrea This 
angle is usually about 75°. From Cj, Cg, draw 

C^i = To; • sin ^, C^ = rCg • sin fi, 

perpendicular to P, Pg, with which two perpendiculars as radii,, 
describe circles (caDed ba^e circles), D^, Dg. The proportions of 
the triangles, C^ I Pj, Cg I Pg, are in 
practice nearly as follows ; — 

65 : 63 : 16 : : I C : C P : I P. 

Make a circular mould of the figure of one 
of the base circles, D ; wrap a cord round 
the edge of it; make fast one end of the 
cord, and tie a pencil or tracing-point to 
the other end; on unwrapping the cord, 
the point will trace the figure of a tooth 
for the wheel to which the base circle 
belongs. 

All involute teeth of the same pitch 
work smoothly together. 

To mark the pa>th of contact of the teeth ; 




Fig. 96. 



say = ^ pitch j, along 

P^ Pg in either direction from I. The distance of the tip of a tooth 
of either wheel from the centre of that wheel is equal to the dis- 
tance from that centre to the further end of the path of contact. 

The teeth of a rack, to work correctly with wheels having invo- 
lute teeth, should have plane surfaces perpendicular to the line of 
connection, and consequently making, with the direction of motion 
of the rack, angles equal to the before-mentioned angle ^. 

The smallest possible mrniher of involute teeth in a pinion is the 



234 



MACHINES Hr GEKERAL. 



6$ 

whole nmuber next sJbove 2 s- tan i. When tan ^ =" t^ tilui 

Id 

number is 25. 

BuLE X. — To set out epicydoidal teeSk. Make two moulds of 
tlie figure cf the pitch-circle of the wheel, one convex, the other 
concave. Make a eircolar disc called Hie describing drdef with a 
tracing-point in its circumference; the usual size of the describing 
circle is such that its circumference is six times the pUcky and its 
radius therefore = pitch x 0*955. To trace the ^n«« of the teeth, 
roll the describing circle inside the concave mould; to trace their 
faces, roll it (mtside the convex moiild. 

In fig. 96 let B B be the pitch-circle; C I C, part of a radius of 

the wheel; R, the describing circle 
when inside the pitch-circle; R', 
the describing circle when outside 
the pitch-circle. On the circum- 
ferences of the describing circles lay 
off I D = I D* = the pitch; D will 
be the inner end of the flank of a 
toothy and D' the outer end of the 
face of a tooth. 

All wheels having epicydoidal 
teeth set out with the same pitch 
and the same describing circle work 
accurately together. 

The smallest practicable pinion 
having epicycloidal • teeth ia that 
.the circumference of 'vdiose pitch- 
drcle is twice that of the describing 
circle. According to usual proportions, it has twelve teeth. Their 
flanks are radial straight lines. 

Rule XI. — ^To set out ap- 
^ ' is proodmaie epicyctoidal teeth; 

let p denote the pitch, n 
the number of teeth in the 
wheeL 

In ^g, 97 let B be the 
part of &e pitch-circle, A the 
point where a tooth is to 
cross it Set off A B = A C 

»|. Draw radii of the pitdli-cirde, D B, E a DrawFB, G<>, 

making angles of 75^"" with those radii, in which take 





Fig. 97 
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Hound E, witii the radios E A, draw tl» circular arc A H; tkis 
will be tiie face of the tooth. Eound G, with the radius QjL, 
dmw the eiroular arc G K; this will be the flaak of the tooth. 
(See WiUis On Mechanism.) 

4. 9evewa»— BuLE XIL — ^To find the advamce of a screw corre- 
sponding to a given number of turns; multiply that number by 
die pitch (measured parallel to the axis, between, coonresponding 
points on two successive turns of the thread). 

BuLE XIII. — Given^ the pitch of a screw; to find the Miquity 
of the thread to the axis at a given distance from the axis; 
multiply that distance by 6 •2832 (so as to find the corresponding 
drcwniference), and divide by the pitch; the quotient will be the 
tangent of the required obliquity. 

Bulb XIY. — To find the Tionnal pitch ci a screw (measured 
perpendiculariy to the lliread} at a given distance, r, from the axis; 
let p be the pitch; then 

Normal pitdx = ^ (/ J ^/^ ^ . 

BncE XV. — ^To make two screws of given numbers of threads 
and given cylindrical pitch - surfEu^es gea/r together; make the 
normal pitches of the screws proportional to their numbers of 
threads, and the angle between their axes equal to the sum of the 
obliquities of their threads, if both are right-handed or both leffc- 
handed ; or equal to the difference of those obliquities if one screw 
is right-handed and the other left-handed. 

N.B. — The angular velocities of two gearing screws are inversely 
as their numbers of threads. 

5. PalieTs aad Bands (whether belts, cords, or chains). — ^Bule 
XVI. — To find the raiio of the speed of turning of two pulleys 
connected by a band. Measure the effective radii of the pulleys 
from the axis of each to the centre line of the band; then the 
speeds of turning will be inversely as the radii. 

Bulb XVIL — To design a pair of tapering speed^ones^j^a-^^^Mi^ 
the belt may fit equally tight in all positions. '^ 





Fig. 98. Fig. 99. 
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Case I. — B6lt crossed (i^g, 98). Use a pair of equal and similar 
cones tapering opposite ways. 

Case 11. — Belt nncrossed (fig. 99.) Use a pair of equal and 
similar conoids tapering opposite wajs^ and hvlging in the middle 
according to the following formula: — Let c denote the distance 
between the axes of the conoids; r^, the radius at the larger end of 
each; r^ the radius at the smaller end; then the radius in the 
middle, Tq, is found as follows : — 



r -^ 



+ r 



2 . (^1 - ^2? 

**■ 6 28 c* 



6. iJnkw^rk.— When two pins are connected together by a link 
or cormectingrod, to find their velocity-ratio at any instant, use 
Bule X. of tl^e preceding Section (see page 230), taking the centres 
of the pins as a pair of riguJUy-connected points. 

"When the points thus connected move in one plane, use Bule 
y III. of the preceding Section to find the instcmtaneous aasia of the 
link; the velocities of the connected points will be proportional to 
their perpendicular distances from that axis. Should the triangle 
formed by the connected points and their instantaneous centre be 
inconveniently large, proceed as follows : — 

Bule XVI IL — Draw any triangle having one side parallel to 
the line of connection or centre-line of the link, and the other two 
sides respectively perpendicular to the directions of motion of the 
connected points; the last two sides will be proportional to the 
velocities of those points. 

Example. — Crank and Fiston-Rod—ln fig. 100 let R T, be a 

piston-rod; Tj, its head; C/T«,a 
crank; Tg, the crank-pin; T, Tg, 
the connecting-rod. Througi T^ 
draw Tj K perpendicular to K Tp 
and produce C Tg; the intersec- 
tion, K, of those straight lines 
will be the instantaneous centre 
of the connecting-rod; and if v, 
and ^2 be the velocities of T^ and 
Tg respectively, r^ 1 1?2 : : K T^ : 
ET Tg: — or otherwise; through C 
draw C A perpendicular to It T^, 




Fig. 100. 



and cutting the line of connection, T^ Tg (produced if necessary) in 
A. Then v^ iv^i :C A : CT^ 

7. PanOiei JHotioM^-HuLB XIX. — Given (in fig. 101), the line 
of motion, G D, of a piston-rod, the middle position of its head, B, 
and the centre. A, of a lever which, in its middle position, A D, is 
perpendicular to D G; to find the radius of the lever, so that the 
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link connecting it with B sliall deviate equally to the two sides of 
G D during the motion ; also, the length of the link. 

Make D E = :l stroke; 
join A E; and perpendicu- 
lar to it, draw E F cutting 
A D produced in F; A F 
will be the required radius. 
Join F Bj this will be the 
link. 

Rule XX. — Given, the 
data and results of Eule 
XIX.; also the point, G, 
where the middle position 
of a second lever connected 
with the same link cuts 
G D: to find the second 
lever, so that the two ex- 
treme positions of B shall 
lie in the same straight line, 
G B D, with the middle 
position. 

Through G draw a 




Fig. 101. 



straight line, L G K, perpendicular to G D ; produce F B till it 
cuts that line in L; this point will be one end of the required 
second lever at mid-stroke, and F L will be the entire link. 
Then in D G lay off D H = G B; join A H, and produce it 
till it cuts L K G in K ; this will be the centre for the second lever. 

When the two extreme posi- 
tions and the middle position 
of B lie in the straight line 
G D, the whole of its positions 
are near enough to that line 
for practical purposes. 

Rule XXL— -Given (in. fig. 
102), the main centre, A, the 
middle position of the main 
lever, A F, the piston-rod-head, 
B, and its length of stroke; the 
radius, A F, of the lever, and 
the mam linJc, F B, having been 
found by Rule XIX, Let the 
figure represent those parts at 
mid-stroke; and let it be re- 
quired to construct a parallel 
motion consisting of a parallel- 
ogram, C E D F (in which E =. F D is called the pcn-allel bar. 
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and D E s F C the back Ivnk), and a raditia lever, or bridhy H E, 
jointed to the angle £ of ike paiailelogram. 

Draw the straight line A B, cutting the back Hnk D E in G ; 
then by Rule XX. find the lever H E, such that the nddcQe and 
extreme positions of G shall lie in one straight Hue. 

(The point Q shows where a pump-rod may, if coiKveni^i^ be 
jointed to the back link). 

8. BUck* and Tackle.— EuLE XXII. — Hie ratio of the Telocily 
of the faU of a tackle to the velocity of the moving Mock is equal 
to the number of plies of rope by which the fixed and moving 
blocks are connected with each other. 

9. Pistons.— The area of a piston is to be measured on a plane 
perpendicular to its direction of motion. The stroke of a piston 
moving in a straight line may be measured along the Hne of motion 
of any point in the piston ; when it moves in a circle the stroke 
is to be measured on the line described by the centre of the area. 

BuLE XXIII. — To find the volume swept by a piston per stroke; 
multiply the stroke by the area. 

Rule XXIV. — Two pistons have an invariable volume of fluid 
between them; to find the ratio of their velocities; take the 
reciprocal of the ratio of their areas. 

SEcrnoK III. — ^EuLES ^ixllttsq to Work at Unisobm akd 

PsmoDicAL Speed. 

1. ctmenii Prtecipifla*— In a machine moving at an umform 
flpeed the driving and resisting forces are balanced. If the speed 
is varied, but in such a manner that the variations are periodic, the 
mean driving and resisting forces during one period, or complete 
revolution, are balanced. The energy exerted is equal to the 
whole work performed; in the former case, at all times; in the 
latter, during any whole number of periods or revolutiona As to 
units of work, see page 103. 

2. Compntaaon •€ iTork Done. — To compute the quantitiy of 
work done : — 

E.ULE I. — When a weight is lifted to a given hdght :— multiply 
the weight by the height. 

HuLE II. — When a body shifts through a ^ven distance against 
a given force : — 

Case I. If the force is directly opposed to the motion (being a 
direct resistance), multiply the force by the distance moved; 

Case II. If the force is obliquely opposed to Utie motion; eitlrar 
resolve the force into a resistance directly opposed to the motion, 
and a UUeral force perpendicular to the motion (see page 160, Knle 
YIIL), and multiply the resistance by the distance moved; or 
otherwise: — ^resolve the motion into a direct eomponenJt opposed 
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to tike entire fovce, and a traauwme wmponeta at right angles to 
it, and moltiply the entiie force \iff the direct compoiient of the 
motion. (In symbols, let F be the force, s the distance moyed, 
4 the aagle <^ oUiquitj; then work done = E « cos ^). 

Rule III. — ^When a rotating body turns through a given angle 
against a resisting couple of a given moment (see pp. 104, 161) : — 

Multiply that moment by the extent of turning in circular 
measure. (See page 102.) 

Bulb rv.^^When a piston moves against a pressoxe ^ a given 
intensity ^see p. 103) : — 

Muld|dy that inteiisit7 by the voUmM swept hv the piston. (See 
page 238, Rule XXIH.) 

Eemabk. — The unit of volume and ixnit of intensity should be 
adiq!)ted to each other, so that the product of their numbers may 
express units of work. For example :«— 

Unit of Intensity. Unit of Vdnme. Unit <^ Work. 

Lbs. on the square foot. Cubic foot. Foot-pound. 

Lbs. on the square inch. < ,"?^ , .* I do. 

^ ( X 1 in» X 1 m. j 

Lbs. on the circular inch. < , ^ ^^ \. i do. 

Kilo, on the square m^tre. Cubic mdtre. Kilogramm^tre. 

3. Compntatlon •£ Bnergr, P«wer, aad EflcteBcy* — (L.) When a 

given weight descends through a given height, or (II.) a given 
force drives a body shifting l^rough a given distance, or (IIL) a 
rotating body is driven by a couple of a given moment, or (IV.) 
a piston is driven by a pressure of a given intensity, the rules 
are the same as in the preceding Article; except that for resistance^ 
is to be put effbrtj or driving force, and for toork done, energy exerted. 

For stored or potential energy, use the same rules, substituting 
possible for actual motion& 

Rule Y. — To find the energy which must be exerted to make 
a machine perform a given motion at an uniform or periodical 
speed against given resistances. Find, by the rules of the preced- 
ing article, the quantities of work done during the given motion 
a^inst the resisting forces, and add them together; the sum will be 
the ioital, work done, to which the energy to he eaoeried will be equal 

As to Power, see page 104. 

BuiiE YL — To find the Efficiency of a machine; distinguish the 
resistancesE, and the work done against them, into useful and waste- 
ful; then divide the useful work by the total work; the quotient 
will be the efficiency. 

BuLE YII. — To find the efficiency of entrain ofmachmes; mul- 
tiply together the efficiencies of the eJementary machines of which 
the traiu consists. 
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4. c^MFataUmi •€ itoirtac Force. — Suppose a machine to be 
driven against given resistances by an effort or driving force appHed 
at^ and in the direction of motion of, the driving point; and that it 
is required to find the effort which will maintain an uniform speed. 

EuLB VIIL — Find the energy to be exerted, by Rule V., and 
divide it by the space moved through by the driving point; — 01^ 
otherwise: 

HuiiE VIIL A. — Find, by the principles of mechanism (see Sec- 
tion I. of this part, pages 231 to 238), the ratios of the velocities 
of the several toorking points, where resistances are overcome, to the 
velocity of the driving point. Multiply each direct resistance by 
the velocity-ratio belonging to its point of application, and add 
together the products; the sum will be the required effort. 

E.EMABKS. — This is called " reducing the resistcmces to the driving 
point" Rule VIIL a. may be applied to a machine capable of 
motion, though not actually moving; it is then called the "prin- 
ciple of virtual velocities^ When only one resistance is overcome, 
the effort and resistance are to each other inversely as the velo- 
citi,es of their points of application. 

5. Frictfon in Machtnes.— BuLE IX. — To calculate the resistance 
of friction to the sliding of two surfaces (when the pressure is not 
so great as to grind the surfaces, or force out the unguent), mul- 
tiply the omumnJb of the load, or direct pressure between the sur- 
faces, by the co-efficient of friction. 

Explanation of the Table, — ^, angle of repose; /=: tan ^, co-effi- 
cient of friction ; 1 :/= cotan ^, reciprocal of that co-efficieut. 
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Wood on wood, drj% 

„ „ soaped, 

Metals on oak, dry, 

»» »> wet, 

„ „ soapy, 

Metals on elm, dry, 

Hemp on oak, dry, 

»> »> wet, 

Leather on oak, 

Leather on metals, dry, 

>> >> wet, 

» »> greasy, 

„ n o>ly» 

Metals on metals, dry,.. 

,, „ wet and clean, 

,, ,, damp and slimy,... 

Smooth surfaces, occasionally greased, 

„ „ continnally greased, 

,) ,, best results, 

Bronze on lignum vitse, constantly wet. 
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3*33 
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33*3 to 27-6 

20? 
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In order that the load may neither grind the sur&ces nor force 
out the unguent of the bearings of machinery, the pressure is to be 
limited by the following rules; in which, by area of bearing is 
meant the product of the length and diameter of a cylindrical 
bearing; although the real area on which pressure acts is much 
smaller. 

Bulb X. — Add 20 to the velocity of sliding in feet per minute, 
and divide 44,800 by the sum; the quotient will be the greatest 
proper intensity of pressure in lbs. on the square inch, with the 
further limitation that the intensity is in no case to exceed 1,200 
lbs. on the square inch. 

IluiiE XI. — To calculate the rruyment of friction of an axle; 
multiply the resultant load by the radius of the axle, and by the 
sine of the angle of repose (which is sensibly equal to the co-efficient 
of friction). 

6. Pulley and Strap. — Let T^ be the tension at the tighter side of 
the strap, and Tq the tension at the slacker side, so that Tj — Tq 
is the force to be exerted between the strap and pulley; also let c 
be the a/rc of contact between the strap and pulley, in fractions 
of a circumference, andythe co-efficient of friction. 

Rule XII. — Given, c, f and the force T^ — Tq; to find the 
tensions, greatest, least, and mean. Let N be the number corre- 
sponding to the common logarithm 2*73 /c; then 

I 

T — T "N" 

T — 1 . T — /T — T \ • 



2 - 2 (N - 1) ^-^1 <^^' 



2 (N - 1) 

Remark. — ^Whether the calculation relates to driving belts or to 
strap-brakes, the co-efficient, /, should be estimated on the supposi- 
tion of the surfaces being ouy; say 0*15 for leather on metal, and 
0*08 for metal on metal. 

7. Balaactac of iHachiiieiT.— In a machine every piece which 
turns on an axis should, as far as possible, have its re-actions 
balanced. 

Rule XIII. — In order that there may be no tendency to shift 
the axis, arrange the weights that turn together about it so that 
their common centre of gravity shall be in the axis. (This 
constitutes a ''standing balance'*) 

Rule XIV. — In order that there may be no tendency to turn 
the axis into varying directions; multiply each of the masses that 
turn together about the axis by its arm or perpendicular distance 
from the axis. Regard the products as representing forces, each 
pulling the axis towards the mass to which that product belongs. 
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and arrange the masses so that the moments of those foroes'shall 
balance each other. 

BuLES XIII and XIY. are thus expressed algebraically. At a 
fixed point in the axis of rotation, let three planes fixed relatively 
to the rotating masses cat each other at right angles; two inter- 
secting each other in the axis, and the third perpendicular to it« 
Let m be any one of the masses which rotate with one angular 
Telocity about the axis, and x, y, z, its distances from the firsts 
second, and third planes refi^>ectively. Then for a standing 
balance, make 

2'maj = 0;2'7ny = 0; 
and for a running balance, make also 

'2 ' mzx ^ 0; 2'm«y = 0. 

8. WmIl of Tariabie F*rce«— EuLE XY. — To find the work done 
against a varying resistance, or the energy exerted by a varying 
effort Construct a diagram in which intervals of the length, or 
base-line, shall represent distances, and breadths or ordinate shall 
represent forces acting through those distances. The area of the 
diagram (measured by the Bules of pages 64, 65, 66, 67) will 
represent the work done, or the energy exerted. The common 
trapezoidal Bule, D, page 67, is usually accurate enough for this 
purpose. 

Behark. — If intervals of the length be taken to represent 
volumes swept through by a piston, and breadths to represent 
intensities of pressure (as in page 239), the area of the diagram will 
still represent work done or energy exerted. 

Rule XVL — ^To find the mean value of the varying force; 
divide the area of the diagram by its length, so as to find its fnean 
breadth; this will represent the required mean force. 

9. Bcsistaace •■! liines •f IiWid-Carria«e. — ^KULE XVll.— To 

find the resistance of a load drawn on a line of conveyance by land ; 
to the co-efficient of resistance on a level {/) add the sine of the 
inclination ( i ) if ascending (or subtract that sine if the inclination 
is descending); multiply the load by the sum (or difference). 
In symbols, let W be the load, B the resistance; then 

R = (/=i=tOW. 



Values of the Co-efficient of Kesistaitce ok a Level. 

I. Roods. — Let v be the velocity in feet per second; r, the radius 
of the wheels of the carriage in inches; then 



/ = ^ <■ (Monn> 
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a. h» 

. .1- \ *025 

F» !-—*«, {S*" :r9 ^? 

Yalues of yj fix)in experiments by Sir John Macneill^ — 
Sandy and gravelly gronnd, '14:; gravel road^ -07; 
Broken stone road^ from "OS to '02; pavement^ *01^. 

II. Railway 8* — Let Y be the speed in miles an hoar; then 

/= from -0027 to -004 ^1 + j^V 

On ewrveSf add to the above value of ^ 

3*3 
For carriages with parallel axles, — -r^ — : — ^—7; 

1*36 
For carriages with moveable axles. -— r: — : — ^—r. 
^ radius in feet 

Rule XYIII. — ^To calculate i^eprohahle adhesion of a locomotive 
engine; multiply the weight which rests on the driving wheels by 

the co-efficient of adhesion f =3 about ^ j. In symbols, let E be 

the weight of the engine, q the fraction resting on driving wheels; 
then 

.Adhedo. . ^ i^ 

Na of DiiTiag _ g 

Wheels. ^' Y 

Passenger engines, 2 |^°^ '?^ ".^^^ 

^^ooda mfpnes, 4 {^"^ :jj ;^^^ 

Do do. all I'oo '143 

* Proportion of gross to net load in railway trains; goods, from \\ to 1}; 
minerals, from 1} to 2 ; passengers, abont 3. Passenffera without luggage 
weigh OD an average a^ut 15 or 16 to the ton; with xnggi^ about 10 to 
the ton. 
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Ordinaby Weights of Locomotive Engines.* 
Weights of Engines unth separate Tenders,—^ 

(Tbe Tender wel^ from 10 to 15 tona.) Tons. 

Narrow gauge passenger locomotiyes, six-) ta to 2^ 

wheeled, with one pair of driving wheels, j " 3 

Do. do. do. nnusuallj heavy, 24 to 27 

Broad gauge passenger locomotive, eight- \ 

wheeled, with one pair of driving wheels > 35 

8 feet in diameter, j 

€k>ods locomotive, from four to six wheels, ) 27 tn 3 

coupled, ^ I 7 3 

Weights of Tank Engines^ carrying Fud and Water, — 

Tona. 

For light traffic on branch lines, 12 to 20 

For heavy tittffic on steep inclined planes, ) . ^ 

with from six to twelve wheels, J ^ 

BuIiE XIX — To calculate the greatest tra^ive force (P) of a 
locomotive engine ascending a given gradient. Multiply tbe 
weight of the engine (E) by the sine of the inclination (i), and 
subtract the product from the adhesion. In symbols,-— 

P . ^2 - (■> E 



-(?-') 



In order that an engine may be able to draw a given load, P must 
be not less than R, (Rule XVI.) That is to say, on the nUing 
gradient, let E be the weight of the heaviest engine, T that of the 
heaviest load drawn behind the engine; then 

0-t)E=(/+t)T. 

Hence the following rules ; — 

E /-t-t 
Rule XX.— Given, q, i,f; then f " g . 

Rule XXI.— Given, E, q, T,/; then i = T "-^ 

E + T * 

• Proper weight of rails, in lbs. to the yard = 15 x greatest load on a 
driving wheel in tons. 

Weight of a chair; common =s 1 foot of rail : joint = from 11 to 14 foot 
of rail. » » 
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BuLE XXII. — To find the total work done by a locomotive 
engine in a given time; multiply the resistance of engine and train 
as carriages by the distance run, for the net work; then multiply 
by about 1^, to allow for resistance of mechanism of engine. In 
symbols^ let x be the distance run; then 



Total work = U a (/s±= %) (E + T). 

Section IV. — Eules belatino to Varying Speed. 

1. OcBcmi Priacipica.— An unbalanced force applied to a body 
produces change of momentum equal in amount to and coincident 
in direction with the impulse exerted by the force. Impvlse is the 
product of the force in absolute units (see page 104) into the time 
during which it acts in seconds. Momenlnim is the product of the 
mass ' of a body into its velocity in units of distance per second. 
The unit of mass is the mass of an unit of weight — such as a pound 
avoirdupois, or a kilogramme. A body receiving an impulse re-ada 
against the body giving the impidse, with an equal and opposite 
impulse. 

2. AcceleraU^B wtd Retardatl^M.— B.ULE I. — ^To find what impulse 

is required to produce a given change in the velocity of a given 
mass; multiply the weight of the mass by the change in its velocity, 
in units of distance per second. 

(If the change consists in acceleration, the impulse must be 
forward; if in retardation, backward.) 

B.ULE II. — To find what energy must be exerted upon or taken^ 
awav from a given mass to produce a given increase or diminution 
of its velocity; find the impulse required; divide it by the 
number of absolute units of force in the weight of an unit of 
mass, and multiply the quotient by the mean velocity during the 
change; — or omerwiee: multiply the weight of the mass by the 
change in the value of the haJCf-squa/re of its velocity, and divide by 
the number of absolute units of force in the weight of an unit 
of mass. 

Remark. — ^Absolute units of force in the weight of an unit of 
mass; in Biitish Measures (velocities being in feet per second), 
32*2 nearly; in French Measures (velocities being in metres per 
second), 9-809 nearly. (See page 104.^ This constant is denoted 
by g^ and sometimes called ^^gravUy. 

* More exact formula for g, 

flr= <7i (1 — 0-00284CO82X) A - ^y 

in which gx =■ 32*1695 in British Measures, or 9*8051 in French Measures; 
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BuLE III. — To calculate the acttud energt/ of a moying mass; 
multiplj its weight by the half-square of its yelocity, and divide 

BuLE lY. — ^To calculate what unbalanced effort, or unbalanced 
resistance, as the case may be, is required to produce a given 
increase or diminution of a body's speed, in a given time, or in a 
given distance. 

Case I. — If the time is given; multiply the weight of the mass 
by its change of velocity; divide by g, and by the dme in seconds. 

Case II. — If the distance is given; multiply the weight of the 
mass by the change in the half-square of its velocity, and divide by 
g, and by the distance. 

B.ULE Y. — To find the re-^iction of an accelerated or retarded 
body; find, by Bule IV., the force required to produce the change 
of velocity ; the re-action will be equal and opposite. 

Kemabk. — The momentum, energy, and re-action of a body of 
any figure undergoing translcUion are the same as if its whole 
mass were concentrated at its centre of gravity. 

3, I^ertetcd M^U^m and CeMtrifagal F*rce. — To make a body 

move in a curve, some other body must guide it by exerting on it 
a demoting force directed towards the centre of curvature. The 
revolving body re-acts on the guiding body with an equal and 
opposite ceTUrijfugal force, 

BuLE YI. — To find the deviating and centrifugal force of a 
given mass revolving with a given velocity in a circle of a given 
radius. Multiply the weight of the mass by the square of its 
linear velocity, and divide by the radius ; — or othenvise : multiply the 
mass by the square of its angular velocity of revolution (see page 
228)y and mvUiply by the radius : — the result will be the value of 
the deviating and centrifugal forces in absolute units, which may 
be converted into units of weight by dividing by g, 

Bemabk. — ^The resvltaaU cenirifugal force of a rigid body of any 
shape is the same in amount and direction (though not the same 
in distribution) as if the whole mass were collected at its centre oH 
gravity. 

Bulb YIL — To find the height of a revolving pendukum which 

makes a given number of revolutions per second; divide ^ ^ by 
the square of the number of revolutions per second. (Approximate 
values of v^, being the height of the pendulum, which makes 



X, laiitade of the place ; observine that when 2 X becomes obtuse, the term 
oontaininff it is to be added insteacTof being subtracted ; h^ height above the 
level of the sea; and B^ the earth's radius = 20,900,000^ feet, or 6,370,000 
metres, nearly. 



EEVOLVING PENDULUM — fLY-WHEEL. 2^7 

one revolution per second; 0*815 foot = 9*78 inches = 0*248 
metre nearly.) 

K.B. — ^The hdgki of a revolving pendulum is measured ver- 
tically, from the level of its centre of gravity to the level of the 
point where the line of suspension cuts the axis of revolution. 

4. Botatiiis Bodies— Fiy-Wfaeeis.— As to the Tiiommt of inertia 
of a body turning about an axis, see pages 154 to 156. 

Bulb VIIL — ^To find the angular momenium of a rotating 
body; multiply its moment of inertia by its anguUr velocity in 
circular measure. (See page 102.) 

BuLE IX. — To find the actual energy of a rotating body; 
multiply either its angular momentum by half its angular velocity, 
or its moment of inertia by the half-square of its angular velocity; 
divide the product by ^. 

Rule X. — To find the moment of the couple required in order 
to produce a given change in the angular velocity of a rotating 
body, in the course of a given time, or of a given angular motion, 
as the case may be. 

Case I. — K the time is given; divide the change of angular 
momentum by ^, and by the time in seconds. 

Case II. — K the angular motion is given ; divide the change of 
actual energy by the angular motion in circular measure. 

Ruijte 'XI. — Given, the alternate excess and deficiency (A E) of 
energy exerted as compared with work performed in a machine; 
to find the moment of inertia of 2kfly-wh6dy such that the fluctuation 
of speed (or difference between the greatest and least speed) shall 

not exceed a given fraction of the mean speed (say — J. Let a be. 

the mean angular velocity of the fiy- wheel, I its required moment 
of inertia; then 

.- m^' A E 

1 = 5 • 

a^ 

Ordinary values of w, from 30 to 60 nearly; oi m g,m British 
Measures, from about 1,000 to 2,000. 

Table of values of the ratio of the alternate excess and deficiency 

of energy, A E, to the whole work per revolution, / P c? «, in 
eteam-engines of various kinds (Morin). 

Non-Expansive Engines. 

Length of connecting rod __ o /; ^ 

Length of crank "" o 4 

AE-T-JPc?* = •105 'iiS •12$ '132 
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Expansive CoNDENsma Engines. 

ConnectiDg rod = crank x 5. 

Fraction of stroke at) i i i i i i 

which steam is cutoff/ 345678 

AE-j-JPfl?« = -163 -173 -178 -184 '189 -ipi 

Expansive Non-Condensino Engines. 

Steam cut off at - - - — 

2346 

AE^fPfl?* = '160 •186 '209 -232 

For double cylinder expansive engines, the value of the ratio 
A E -f / "P d 8 may be taken as equal to that for single cylinder 

non-expansive engines. 

For tools toorking at intervals, such as punching, dotting, and 
plate-cutting machines, coining presses, <&c., A E is nearly equal to 
the whole work performed at each operation. 

5, Falling Bodies.— The following rules apply to a body falling 
without sensible resistance from the air : — 

Bulb XII. — To find the velocity acquired at the end of a given 
time; multiply the time by g, (See page 24:5,) 

Hule XIIL — To find the height of faU in a given time; multiply 

the square of the time by ^ g, 

BuLE XIV. — To find the height of fall corresponding (or "due") 
to a given velocity; divide the half-square of the velocity by g. 

Rule XV. — To find the velocity due to a given height; multiply 
the height by 2 g, and extract the square root (or, in British 
Measures, multiply the square root of the height in feet by 8*025 
for the velocity in feet per second; or, in French Measures, mul- 
tiply the square root of the height in metres by 4*429 for the 
velocity in metres per second). 

Table op Heights due to VELOCiTiEa 

Eocplanation of Symbols, 

V = Velocity in feet per second. 
h = Height in feet = ^ ^ 64*4. 

This table is exact for latitude 54°f , and near enough to exact- 
ness for practical purposes in all parts of the earth's surfsuse. 
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V h 

I 01553 

2 'O62II 

3 '13975 

4 '24845 

5 -38820 

6 '55901 

7 76087 

8 -99379 

9 1-2578 

10 1-5528 

11 1-8789 

12 2-2360 

13 2*6242 

14 30435 

15 34938 

16 3*9752 

17 4-4876 

18 5*0311 

19 56056 

20 6*2112 

21 68478 

22 7*5155 

23 82143 

24 8*9441 

25 97050 

26 10-497 

6. Bedvccd Inertia. — BuLE XVI. — To reduce the inertia or 
mass of a machine to the driving point. Multiply the weight of 
each moving portion of the machine by the square of the ratio of 
its velocity to the velocity of the driving point; and add together 
the products ; the sum will be the weight of the mass which, if 
concentrated at the driving point, would require the same force to 
produce a given change in its speed, in the course of a given time 
or of a given motion^ that is required by the actual machine. 



Section Y. — Strength of Machinery. 

1. fihaito. — See pages 226, 227 for the relations between 
greatest twisting moment, greatest working stress, and diameter. 
As to the twisting moment for which provision is to be made, 
regard must be had not merely to the mean moment transmitted by 
the shaft, but to the greatest m^m^ent. 



V 


A 


V 


h 


27 


11-320 


54 


45*280 


28 


12*174 


56 


48695 


29 


13059 


58 


52-235 


30 


13*975 


60 


55*901 


31 


14*922 


62 


59*688 


32 


15*901 


64 


63*602 


322 


16*100 


64*4 


64*400 


33 


16-910 


66 


67*640 


34 


17*950 


68 


71*800 


35 


19*022 


70 


76*087 


36 


20*124 


72 


30*496 


37 


21*257 


74 


85*029 


38 


22*422 


76 


89688 


39 


23*618 


78 


94*472 


40 


24*845 


80 


99*379 


41 


26*102 


82 


104*41 


42 


27*391 


84 


109*56 


43 


28*711 


86 


114*84 


44 


30*062 


88 


120*25 


45 


3^*444 


90 


12578 


46 


32857 


92 


^31*43 


47 


34*301 


94 


137*20 


48 


35*77^ 


96 


143*10 


49 


37*283 


98 


149*13 


50 


38820 


100 


155*28 


52 


41*987 
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Rule XVII. — Given, the horse-power of the prime mover that 
drives a shaft, and the number of revolutions per minute; to find 
the meafn bvoMa/g moment: multiply the horse-power by 5250, and 
divide by the turns per minute; the quotient will be the mean 
twisting moment in foot-lbs.; which, multiplied by 12, will give 
inch-lbs. 

BuLE XVIIL — ^In a shaft driven by steam-power, given, the 
mean twisting moment; to find the greatest tvnating momeTiJt; 

If the shaft is driven by a single engine, multiply by i '6 

If by a pair of engines, with cranks at right angles, 
midtiply by i*i 

If by three engines, with cranks at angles of \ 
revolution, multiply by 1*05 

2. Bods. — Piston-rods are to be treated as struts fixed at one 
end and jointed at the other. (See page 210, Rule XXIV.) 
Connecting-rods are to be treated as struts jointed at both ends. 
(See page 209, Rule XXIII.) 

3. Arms and Teeth •f l^heels. — RuLE XIX. — To find the 

greatest bending moment on an arm of a wJied; divide the greatest 
twisting moment on the shaft by twice the number of arms. 

Rule XX. — To find the greatest pressure exerted on a tooth of 
a whed ; divide the greatest twisting moment on the shaft by the 
perpendicular distance from the axis of the shaft to the line of 
action of the teeth. 

As to the thickness of teeth, see page 233. 



Section VI. — Musculab Power. 

1. c^enerai Principles. — Let P be the effort exerted by an 
animal in performing work, V the velocity of the point at which 
the effort is applied, and T the time for which the effort P is 
exerted at the velocity V during a day's work; so that P V T is 
equal, or proportional, to the work done per day. Let P^ V^, T,, 
be the values of P, V, and T, correspon(fing to the greatest day s 
work of the animal, P^ V^ T^. Then for values of P, V, and T, 
not greatly deviating foom P^, V^ and T^, we have 

P V T _ 

Pi "*■ Ti ■*■ Ti - ^'' 

80 that when any five of those quantities are given, the sixth may 
be foimd. 
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AnlnwlHi 



ji 

Good average ) ^^ 

draught horse, j ^ 

High-bred horse, 64 7*2 

Ox, 120 2*4 

Mule, 60 3*6 

Ass, 30 3'6 



Approximate Yalnes of 



Hoora 

8 



Lbs. Ft per BOO. Miles per hour. Seconds. 

2J nearly. 28,800 

5 „ 28,800 

I '6 „ 28,800 

2^ „ 28,800 

2I „ 28,800 

•Explanation of Table L : — 



8 
8 
8 
8 



2. Table* •f Performance of 

P, effort in lbs.; V, velocity, feet per second; T, hours' work per 
day; P Y, work per second, in foot-lbs.; 3,600 P V T, work per 
day, in foot-lbs. 

I. — "Work op a Horse against a known Resistance. 




V 


T 


PV 


3,600 PVT 


I4§ 


4 


4474 


6,444,000 


3*6 


8 


432 


12,441,600 


6-5 


8 
44 


300 
429 


8,640,000 

6,949,800 



1. Cantermg and trotti 



drawing a liffht 
way carriage (morough- 
bred), 

2. Horse drawing cart or 

boat, walking (draught 
norse), 

3. Horse driving a gin or 

mill, walking,.., 

4. Ditto, trottiDg, 



min. 22} 
mean 304 
max. 50 



120 

100 

66 



Explanation of Table II. : — ^L, net load drawn or carried hori- 
zonta]ly, in lbs.; Y, velocity, feet per second; T, hours' work per 
day; L Y, lbs. conveyed horizontally one foot per second; 3,600 
L Y T, lbs. conveyed horizontally one foot per day. 

II. — Performance of a Horse in Transporting Loads 

Horizontally. 



Kind of Exertf on. 


■ 

L 


v 


t 


LV 


a,600LVT 


5. Walking with cart, al- 
wavB loaded. 


1,500 
750 

1,500 

270 
180 


3-6 
7*2 

2*0 

3-6 
7-2 


10 

44 

10 

10 

7 


5,400 
5,400 

3»o«> 

972 
1,296 


194400,000 
87480,000 

108,000,000 

34,992,000 
32,659,200 


6. Trottincr ditto. 


7. Walking with cart, go- 
ing l<Mided, retormng 
empty; Y = 4 of mean 
velocitv. 


8. Carrying bnrden, walk- 


9. Ditto, trottini?..... 
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3. Table* of WmIl •# MeM.— Explanation of Table I. : — ^P, effort, 
lbs.; V, velocity, feet per second; T, houro' work per day; P V, 
work, foot-lbs. per «econd; 3,600 P V T, work, foot-lbs. per day. 



I. — Work op a Man against Known Eesistances. 



Kind of Exertion. 


P 


V 


T 


PV 


8,600PVT 


1. Baifdng his own weight up 

stair or ladder, 

2. Hauling up weights with 

rope, and lowering the 

1P0P6 unloaded. f,-,rr-,rr'-,r-,r,T 


143 

40 
44 

143 
6 

132 

26-5 

^180 

( 20 'O 

13-2 

15 


0-5 

075 
055 

013 
1*3 

0-075 

2*0 

5*o 

2*5 

14-4 


8 

6 
6 

6 

10 

10 

8 
? 
8 
2TninR. 
10 
8? 


725 

30 
24*2 

i8-5 
7-8 

9.9 

P 
625 

ji 

33 

9 

• 


2,0^8,000 

648,000 
522,720 

399,600 

280,800 

356,400 
1,526,400 

• • • 

1,296,000 

• •• 

1,188,000 
480,000 


3. Lifting weights by hand, 

4. Oanying weights up stairs, 

and returning unloaded, . . . 

5. Shovelling up earth to a 

height of 5 rb. 3 in., 


6. Wheeling earth in barrow up 
slope of 1 in 12, i horiz. 
veloc. 0*9 ft. per sec., and 
returning unloaded. 


7. Pushing or pulling horizon- 
tally (capstan or oar), 

8. Taming a crank or winch,... 

9- WorVinj? pnniP. ...TT^TtfT^tTrr— 


10- HarnnK^rinffi. ...... ».....f..t t 





Explanation of Table II. : — ^L, load conveyed horizontally, lbs. ; 
V, velocity, feet per second; T, hours' work per day; L V, lbs. 
conveyed horizontally one foot in a second; 3,600 L V T, lbs. con- 
veyed horizontally one foot in a day. 

II. — Performance op a Man in Transporting Loads 

HORIZONTAIXY. 



Kind of Exertion. 


L 


V 


T 


LV 


8,600 L V T 


11. Walking unloaded, transport 
of own weiffht. 


140 

224 

132 
90 

140 

n 


5 

I* 

24 

ij 


117 

23-1 


10 

10 
10 

7 

6 

... 
*•• 
... 


700 

373 
220 

225 

223 

1474-2 



25,200,000 

13,428,000 
7,920,000 
5,670,000 

5,032,800 

... 
... 
... 


12. Wheeling load in 2-wheeled 

barrow: retumingunloaded, 

13. Ditto in 1-wh. barrow, ditto, 

14. Travelling with burden, 

15. Carrying burden, returning 

unloaded, 


16. Carrying burden for 30 se- 
conds onlv 





» 


•05 to '0625 


99 

oul 


•06 to '07 
J '008 
•008 


9) 


•3 
•3 
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TIL — Day's Work op a Man required for various 
Operations. (Day = 10 Hours.) 

Shovelling earth, one cubic yard, thrown not 

more than 5 feet vertically up; if dry, from '05 to '0625 

Ditto, wet mud, „ '06 to '08 

Excavating earth with the pick, one cubic 

yard, , „ '025 to '2 

Wheeling one cubic yard of earth in barrows 
from 100 to 120 feet horizontally; if up a 
slope at the same time, deduct 6 feet from 
horizontal distance for each 'foot of total 
rise, 

Spreading and ramming earth in layers from 9 
to 18 inches deep, one cubic yard, 

Dressing slopes of cuttings, one square yard,.... about *oo8 

Soiling slopes, 6 inches thick, one square yard. 

Making clay puddle, one cubic yard, 

Spreading do., do., 

Quarrying rock of moderate hardness with 

wedges, average „ '4 

Quarrying rock of moderate hardness by blast- 
ing,* average „ '45 

Jumping holes in rock, 100 cylindrical inches, 

. granite, from i*o to '5 

Do. do. do., limestone, „ '2 to '15 

Driving mines in rock ; dimensions from 3^ feet 
X 3^ feet to 3^ feet x 5 feet; one foot for- 
ward, „ 2*0 to 5*o 

Quarrying rock in tunnels, one cubic yard, „ '75 to 3*0 

Making one thousand bricks, j ^®^!\*^®' o-*^ l^ 

Mixing mortar by hand, one cubic yard, 75 

Mixing concrete, wheeling and laying, one 

cubic yard, '3 

Loading barrows with stone, one cubic yard,... '06 

Wheeling one cubic yard of stone 100 feet 
horizontally; if on an ascent, allow 6 feet 
of distance for each foot of rise, '045 

Unloading barrows of stone, one cubic yard,.... '03 

* Weight of rock loosened -7- weight of powder exploded = in small blasts 
from 7,000 to 14,000; averaee 10,000 : in great blasts from 4,500 to 13,000 ; 
average between 6,000 and 7tO(K). One lb. of blasting powder fills about 
30 cubic inches = 38 cylindrical inches. If gun-cotton be used instead 
of powder, allow one-sixth of the weight and one-half of the space. 



Cnttiiig 
Stona 


Building. 


Labonrera* 
Work. 


— 


I^OO 


•50 




•po 


•po 


1-5 


•po 


•po 


2-25 


•po 


•po 


250 


i-oo 


I'OO 


6* 00 


2-00 


2*00 
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Stone Masonry, Breaking 

one cubic yard. Stone. 

Dry stone, '64 

Coursed rubble, '64, 

Block-in-course, 'po 

Do, arching, "po 

Ashlar (soft ( from i '80 

sandstone),.... (to... 2*50 

Breaking and stone cutting for harder stones; 
hard sandstone = soft sandstone x 2. 
hard limestone, marble, gra^te = soft sandstone x from 3 to 4. 

Facing ashlar (soft sandstone), per square foot- 
stroked, '05; droved, •07; polished^ •!. 

Curved facing = flat x ( 1+ — ^. — ?—-—.), 

\ radius in feet/ 

Taking down old masonry, one cubic yard, from ^5 to *6. 

Bricklayw. labourer. ^«g«. 

Brickwork, ordinary, one cubic yard, *6 '6 -2 

( variotis ; 
„ arching and other curved work, 'p •p ^depending 

(on oentering. 
„ in tunnels, about double of similar brickwork above 

ground. 

Bricklayer. Labourer. 

Laying and jointing drain pipes, one lineal 

foot, per inch diameter, '0025 •0025 

Sinking cylinders for foundations under water with compressed air; 
per cubic yard of earth removed, '67 

Sawing timber, one square foot; 

Pine and fir, from ^0045 to '005 

Ash, elm, beech, mahogany, „ '0065 to '007 

Oak, „ '0075 to 'oop 

Teak, -oi 

Shaping timber; pine -woods; one cubic 

foot, from '04 to '135 

Planing pine woods, per square foot, '013 

Boring hole f diameter, one lineal foot, in 

pine-wood^ -02 

Do. do., in hard leaf-woods, "03 

* Supply of air should be at the rate of 30 cubic feet per man per minata 
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Carpenter. Laboxxrer. 

Erecting centres for arches; per 100 f from 1*55 75 

square feet area of soffit, (to... 1*70 '80 

M6n*8 timfli Boys* time. 

Rivettine iron ships: from 100tol40) r, . 

rivets,. ..! I 3-0 from ro to 2 -a 

Making plank roads; breadth planked, | 

8 feet; total breadth, 16 feet; 1 lineal > 1*0 

foot^ j 



^lAH U A i: V ^'^ 

rXl VKi:s (TV OK 'j 

CAIJKUCXIA. j 
^ - ^^ .^ PART VIII- 



HYDRAULICS. 

Section I. — ^Rules belatino to the Flow op "Water. 

1. Head of Water.— BuLE L — To find the head of a particle of 
xrater; add together the head of elevation, or height of the particle 
above some fixed or "datum** level, and the Iiead of pressure, or 
intensity of the pressure exerted bj the particle expressed as the 
height of an equivalent column of water. (See pages 103, 115.) 

In stating the pressure, it is usual tiot to include the atmospheric 
pressure ; so that the absolute pressure exceeds the pressure stated 
in the common way by one atmosphere. When the absolute 
pressure is equal to the atmospheric pressure, the pressure stated 
in the common way is = ; when the absolute pressure falls short 
of the atmospheric pressure, theii* difference is called vacuum. 

The atmospheric pressure, at the level of the sea, varies from 
about 32 to 35 feet of water, and diminishes nearly at the rate of 
1-lOOth part of itself for each 262 feet of elevation. 

In the rest of this Section, heads in feet of water will bjB denoted 
hyh. 

2, Tolnme and Telocltj of Flow.— BuLE II. — To find the volume 

of flow of a stream; multiply the mean velocity by the sectional 
area. 

BuLE III. — ^To find the mean velociti/ of flow of a stream; 
divide the volume of flow by the sectional area. 

BuLE IV. — In a stream like a river channel the ratio of the 
mean velocity to the greatest velocity (which occurs at the middle 
of the stream) is nearly = 

greatest velocity + 7*71 feet per second 
greatest velocity + 10*28 feet per second' 

The least velocity, being that of the particles in contact with the 
bed, is nearly as much less than the mean velocity as the greatest 
velocity is greater than the mean. In ordinary currents the least, 
mean, and greatest velocities are nearly as 3 : 4 : 5; in very slow 
currents, as 2 : 3 : 4. 

In what follows, volwme of flow in cuhic feet per second will be 
denoted by Q; the m,ean velocity of a stream in feet per second 
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by v; and the sectional a/rea in squcMre feet by A; so that Q = 
V A. 

3. BelatioM between Head and Telocitj. — KULE y^, '-^Theoretical 

heady h, due to a given velocity, v ; 

O Q 

^^hg^m: (See Table, page 249.) 
BuLE VI. — Theoretical velocity y v, due to a given head, /*; 

V = 8-025 ^/X 

KuLE VII. — To find the lose of head, h, due to a given gam 
of velocity in a stream ; let the velocity of a/pproach (or original 
velocity, at the point where the greater head is) be the fraction, w, 
of the velocity of discharge; let v be the velocity of discharge ; and 
let F be a. factor of resistance (as to which, see next Article); then 

EuLE VEIL — To find the velocity of discharge due to a given 
loss of head; 



" = 8025 ^y (nJ— .). 



B.EMABK. — n is the ratio of the sectional area of the channel of 
discharge to that of the channel of approach. When those areas 
are equal, as in an uniform channel or an uniform pipe, 1 — w^ = 0; 
and then the formulse become 



^ = 644^ ^ = ^'^^^ V F- 



4. Faeton of ResiMaBce.— Values of F in Eules VII. and VIII. 
(1.) Friction of am, orifice in a thinpkUe — 

F = 0-054. 

(2.) Friction of mouthpieces, or enJtrances from reservoirs into 
pipes. — Straight cylindrical mouthpiece, perpendicular to side of 
reservoir — 

F = 0-505. 

— _ * 

The same mouthpiece making the angle ^ with a perpendicular 

to the side of the reservoir — 

F = 0-505 + 0-303 sin ^ + 0-226 sin^ ^. 

For a mouthpiece of the form of the "contracted vein" — ^that ia^ 

s 
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one somewhat bell'sliaped — and so proportioned that if e? be its 
diameter on leaving the reservoir, then at a distance c^ ~ 2 firom 
the side of the reservoir it contracts to the diameter *7854 d, — the 
resistance is insensible, and F neariy = 0. 

(3.) Friction cut sudden erdoflrgemeifUa, — Let A^ be the sectional 
area of a channel, in which a duice, or slide valve, or some such 
object, produces a sudden contraction to the smaller area a, followed 
by a sudden enliugement to the area A2. Let v in the formula of 
Kules Vn. and v IIL stand for the velocity in the second enlarged 
part of the channel, so that Q = Aj i'. Let 

Then 

F = (» - 1)2. 

(4.) Friction in pipes and conduits. — ^Let A be the sectional area 
of a channel ; h, its border — ^that is, the length of that part of its 
girth which is in contact with the water; ly the length of the 
channel, so that IhiB the frictional surface; and for brevity's sake 
let A -T- 6 = m; then, for the friction between the water and the 
sides of the channel, 

A m 
Let d= diameter of pipe in feet; then 

For iron pipes (not pitch-lined) *.../= 0*005 f 1 + tsj ); 

0-000227 



For open conduits, /= 000741 + 



V 



The quantity m = A. -w- hva called the ^'hydra/ulic mean depth 
of channel, and for cylindrical and square pipes running full is one- 
fowrtk of the diameter. 

BuLE IX. — ^To find the decliviJty (i) in an uniform channel of a 
given hydraulic mean depth (m); 

£ = ^ = /._^. 
* w» 2 gr' 

In an open channel this is an actual slope of the sur£EU)e of the 
water. In a close pipe it may be a mrtnwl dedimJty, due wholly or 
partly to diminution of pressure. 

* In iron pipes lined wifch smooth pitch the co-efficient of friction is about 
gae*Bixth pcurt less than in nnlined pipes. 



. X.US8 OF HEAD — €0]?TmACIIQN OF STBEAU. .259 

(S.) For henda m e&raidwr pipes, let c^ be the diameter of the 
pipe; ^, the radius of curvature of its centre line at the bend; $9 the 
angle through which it is bent; s-^ two right angks; then 

F = J{0.131.1.847(//}. 

(6.) For bends in rectcmgular pipes, 

F = J {0124. 3.104 (^/}. 

(7.) For knees, or sharp turns in pipes, let 6 be the angle made 
by the two portions of the pipe at the knee; then 

F = 0-94:6 sin2 ~ + 205 sin* ^. 

Rule X. Summary of losses of head, — ^When several successive 
causes of resistance occur in the course of one stream, the losses of 
head arising from them are to be added together; and this process 
may be extended to cases in which the velocity varies in different 
parts of the channel, in the following manner : — 

Let the final velocity, at the cross-section where the loss of head 
is required, be denoted hj v, 

Let the ratios borne to that velocity by the velocities in 
other parts of the channel be known; n^ v being the "velocity of 
approach," n^ v the velocity in the first division of the channel^ 
^2 V in the second, and so on; and let F, be the sum of all the 
factors of resistance for the first division, Fj for the second, and so 
on ; then the loss of head will be 



h = g^-^ (1 - nS + F^Ti? + Fgni + &a) 

5. Contractloii of Stream — Co-cfficienU ofl^lscharge. — KULE XI. — 

To find the effective area of an outlet; multiply the total area by a 
fraction called the co-efficienf of contraction. 

For uniform streams there is no contraction, and the co-efficient 
isL 

E.EMABE. — Sometimes it is impossible to distinguish between 
the effect of friction in diminishing the velocity (expressed by 

1 -^ fj I + F), and that of contraction in diminishing the area of 
the stream. In such cases the ratio in which the actual discharge 
is less than the product of the theoretical velocity and the total 
area of the orifice is called the co-efficient of efflux or of discharge. 

The quantities given in the foUowiug statements and tables are 
some of them real co-efficients of contraction, and some co-officients 
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of discharge. In hydraulic formulae such co-efficients are usually 
denoted by the symbol c. 

(1.^ Sharp-edged circuUvr orificea in flat plates; c = '618. 

(2.) Sharp-edged rectcmgulcir orifices in vertical flat plates, — In 
this case the co-efficient is intended to be used in the following 
formula for the discharge in cubic feet per second, A being the 
area of the orifice in square feet; and h the head, measured from 
the cenf/re of the orifice to the level of still water. 

Q = 8-025 cAJT. 
Co-efficients op Discharge por Ebctangular Orifices. 



Head. 




Height of Orifloe -f- 


Breadth. 






^# 


I 


0-5 


G-25 


GI5 


G-I 


0-G5 


Breadth. 














0-05 




• •• 


• • • 


• • • 


• • • 


•709 


O'lO 




• *• 


* • • 


• • • 


'660 


•698 


0-15 




•.• 


... 


•638 


-660 


•691 


0*20 




• •• 


•612 


•640 


•659 


•685 


0-25 




• .. 


•617 


•640 


•659 


•682 


0-30 




•590 


•022 


•640 


•658 


•678 


0*40 




•600 


•626 


•639 


•657 


•671 


0-50 




•605 


•628 


•638 


•655 


•667 


o'6o 


•572 


•609 


•630 


•^37 


•654 


•664 


0-75 


•585 


•611 


•631 


•^35 


•653 


•660 


I '00 


•592 


•613 


•634 


•634 


•650 


•655 


1-50 


•598 


•616 


•632 


•632 


•645 


•650 


2 '00 


•600 


•617 


•631 


•631 


•642 


•647 


250 


•602 


•617 


•631 


•630 


•640 


•<543 


350 


•604 


•616 


•629 


•629 


•637 


•638 


4 '00 


•605 


•615 


•627 


•627 


•632 


•627 


6 -GO 


•604 


•613 


•623 


•623 


•625 


•621 


8-00 


•602 


•611 


•619 


•619 


•618 


•616 


10 'GO 


•601 


•607 


•613 


•613 


•613 


•613 


15-00 


•601 


•603 


•606 


•607 


•6g8 


•609 



(3.) Sha/rp-edged rectangvla/r notclies in flat vertical weir hoards, 
— ^The area of the prifice is measured up to the level of still water 
in the pond behind the weir. 

Let h = breadth of the notch ; 

B = total breadth of the weir; then 

" = ■^^+10' 

pioyided h is not less than B -4- 4. 
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(4.) Sharp-edged triangtdar or Y-shaped notches in fl(U verti4xd 
weir boards (from experiments by Professor James Thomson). — 
Area measured up to the level of still water. 

Breadtli of notch = depth X 2; c = '595; 
Breadth of notch = depth X 4; c = '620. 

(5.) Partially-contracted sharp-edged orifice. — (That is to say, an 
orifice towards part of the edge of which the water is guided in a 
direct course, owing to the border of the channel of approach partly 
coinciding with the edge of the orifice.) 

Lot c be the ordinary co-efficient; 

w, the fraction of the edge of the orifice which coincides with 

the border of the channel; 
c', the modified co-efficient; then 

c' = c + -09 n. 

(6.) Flat or round-topped toeir, area measured up to the level of 
still water — 

c = '5 nearly. 

(7.) Sluice in a rectangular channd — 

vertical; c = 0*7; 

Inclined backwards to the horizon at 60°; c = 0*74; 
„ „ „ at 45°; c = 0*8. 

(8.) Incomplete contraction. — Let A be the area of a pipe partially 
closed by a partition, having in it an orifice of the total area a 
and effective area c a ; then 

•618 



y'(i-.6i8-£:) 



6. Discharge fic^m Mnices and Notches. — ^Let b be the breadth of 

the orifice; /^q, the depth of its upper edge, and h^, that of its lower 
edge, below the level of still water in the pond; c, the co-efficient 
of contraction (see last Article) ; Q, the discharge in cubic feet per 
second. 

KuLE XII. — Rectangular orifice — 

Q = 8025cx I^^Ai*— V) =5-35c5 (Ai*— Ao*)- 

BuLE XIII. — Rectangular notch, with a stiU pond; A^ = 0; h^ 
measured from the lower edge of the notch to the level of still 
water. 

Q = 8025 c X |6 ^1^ = 5-35 cbh^^ = (305 + -535 g) b h^\ 



263 HTDBAXTLICS. 



Table op Values op c and 535 e. 

:k,...- i'o o'9 o*8 07 o'O 0*5 o'4 0*3 0*25 

c, '67 -66 '65 '64 '63 '62 '61 '60 '595 

5*35 <?* 3*58 3'53 348 342 3'37 3*3^ 326 3*21 318 

The cwhe of the square root of the heady h^y is easily computed as 
follows, by the aid of an ordinary table of squares and cubes : look 
in the column of squares for the nearest square to h^ ; then op- 
posite, in the column of cubes, will be an approximate value 

oih^i. 

EuLE XrV. — Eectangvla^ notch, with current a/pproaching U, — 
When still water cannot be found, to measure the head h^ up to, 
let Vq denote the velocity of the current at the point up to which 
the head is measured, or velocity qf approach: compute the height 
due to that velocity as follows : — 

^0 = ^0 -^ 64:4; 
then, 

Q = 5-35 ch{(h^ + Ao)* — K*\ • 

BuLE XV. — Triangular or Y-shaped notch, with a stiU pond; h^ 
measured fix)m the apex of the triangle to the level of still water. 

Let a denote the ratio of the haJf-^eadth of the notch at any 
given level to the height above the apex, so that, for example, at 
the level of still water^ the whole breadth of the notch is 2 a ^^j 

Q = 8-025 c X Tg a Ai^ = ^'28 cah^i; 

and adopting the values of c already given, we have, 

for a = 1, Q = 2-54 h^-, for a = 2, Q = 53 h^i. 

For squares and fifth powers, see page 32. 

BuLE XVI. — Drowned orifices are those which are below the 
level of the water in the space into which the water flows as well 
as in that from which it flows. In such cases the difference of 
the levels of still water in those two spaces is the head to be used 
in computing the flow. 

BuLE XVIL — Drowned recta/ngvla/r notch, — Let h^ and Ag ^ 
the heights of the still water above the lower edge of the notch at 
the upHsitream and down-stream sides of the notch-^)oard respec- 
tively; 
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Bulb XYIIL — For toeirs wUh broad flai crests, drowned or nn- 
drowned, the fbrmuks are tlie same as for rectangular notches^ 
except that the co-efficient c is about *5. 

ExTLB XIX. — Coftn/pvJtaticm, of the dimensumB of orifices. — Most 
of the preceding formulae can be used in an inverse form, in order 
to find the dimensions of orifices that are required to discharge 
given volumes of water per second. 

For example, if Kule XIL is applicable, the breadth of the 
orifice is given as follows : — 

6 = Q -?. 5-35 c {h^ — Ao^). 

If KutiE XIII. is applicable^ the depth of the bottom of the 
notch below still water is given by the equation, 

^1= {Q -4- 5-35 c 5} *. 

If BuLE XV. is applicable, 

7*1= {Q-^ 4-28ca}i 

7. Discharge of UTatevPipes.— BuLE XX. — ^To find the loss of 

head, A, in a length, l, of a pipe of the uniform diameter, d (all 
dimensions in feet); 



^ d 64 



14.4- ^^y'^Ud/d 64-4- 



Rule XXI. — T^ comptOe the discharge of a given pipe; ite data 
being h, I, and cf, all in feet. 

For a rough approximation, we may take an average value for 4 f. 
The value commonly assumed is -0258. This gives for the approxi- 
mate velocity 

or, a mean proportional hettoeen the diameter and the loss of head 
in 2,500 feet of length. When greater precision is required, 
make 

Then the discharge is given by the formula, 

Q = -7854 V cP. 
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EuLE XXII. — To find (in feet) the diameter do/ a pipe, so that it 
shall deliver Q cfMc feel of water per second, mth a loss of head al 
iJie rate of h. feet in each length of I feet. 

Assume, as a first approximation, 4/'= -0258. This gives, as a 
first approximation to the diameter, 

d' = 0'23(i^\i; 

Compute a second approximation^ 

4/" = 0.02(Uj4,), 

if this is = 4/', d^ is the true diameter; if not, a corrected diameter 
is to be calculated as follows : — 

In the preceding formulse the pipe is supposed to be free from 
all curves and bends so sharp as to produce appreciable resistance. 
Should such obstructions occur in its course, they may be allowed 
for in the following manner : — Having first computed the diameter 
of the pipe as for a straight course, calculate the additional loss of 
head due to curves by the proper formula (Article 4, page 259); 
let h" denote that additional loss of head; then make a further cor- 
rection of the diameter of the pipe, by increasing it in the ratio of 

h" 
1+ — • 1 

By a similar process an allowance may be made for the loss of 
head on first entering the pipe from the reservoir, viz. : — 

(1 + F) t^ -r- 64*4; F being the factor of friction of the mouthpiece. 

The preceding rules are for clean iron pipes. To allow for 
incrustation, add one inch to the diameter of all pipes. 

8. IMachwrge and Dimensloiis of Channels. — ^KULE XXIII. — To 

find the declivity, t, of the upper surface of the water in a channel 
of the hydraulic mean depth m; 



I m 64-4 V ^ V ) 64-4 



Rule XXIV. — To compute the discharge of a given stream, the 
data being t, m, and the sectional area A« Assume an approxim^ate 
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valtie for the co-efficient of friction, such as/' = '007565; then 
the first approximation to the vel6city is 



V' = 8025>/_^ = V85T2T^ = 92-26 JTl^; 

or, a mean proportional between the hydra/ulic m^ean depth a/nd the 
fall in 8,512 feet, A first approximation to the discharge is 
Q' = t/A. 

These first approximations are in many cases sufficiently accurate. 
To obtain second approximations, compute a corrected value of / 
according to the expression in brackets in Rule XXIII; should 
it agree nearly or exactly with /', the first assumed value, it ia 
unnecessary to proceed further; should it not so agree, correct the 
values of the velocity and discharge by multiplying each of them 

by the factor, I -;^. 

KuLE XXV. — To determine the dimensions of an uniform channd- 
which shall disdiarge Q cubic feet of water per second with the declivity 
L Assume a figure for the intended channel, so that the propor- 
tions of all its dimensions to each other, and to the hydraulic mean 
depth m, may be fixed. This will fix also the proportion A -r- m^ 
of the sectional area to the square of the hydraulic mean depth,, 
which will be known although those areas are still unknown ; let 
it be denoted by n. 

Compute fi/rst approodmations to the hydraulic mean depth and 
velocity as follows : — 






„. = ,„^M.=_Q,, 



from these data, by means of Rule XXIII., compute an approocir 
mate declivity, i'. If this agrees exactly or very nearly with tha 
given declivity, *, the first approximation to the hydraulic mean 
depth is sufficient; if not, a corrected hydraidic mean depth is to be 
found by the following formula : — 



m 



- »' a+ A)- 



From the hydraulic mean depth all the dimensions of the channel 
are to be deduced, according to the figure assumed for it. 

9. Swell aMd Backwater Prodaced hj a Weir* — ^When a weir OF 

dam is erected across a river, to calculate the height, h^, in feet, at 
which the wat«r in the pond, close behind the weir, will stand 
above its crest; Q being the dischaige in cubic feet per second, and 
b the breadth of the weir in feet; 
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Bulb XXVI.— TFw not drowned, with a flat or sligbtly rounded 
crest — 



*i-(fp) > nearly- 



BuLE XX VII. — Wdr drovmed. — ^Let Ag be the height of the 
water in front of the wear above its crest. 

First approximaium; h\=^h^+ I ^K^ * 

Second approximation; h"^ = h\ — h^ ( ^ — 7 - *7~^X )' 

BuLE XXVUL — ^In a channel of uniform breadth and de- 
clivity — 

Let i denote the rate of inclination of the bottom of the stream, 
which is also the rate of inclination of its surface before being 
altered by the weir. 

Let \ be the natural depth of the stream, before the erection of 
the weir. 

Let i^ be the depth as altered, close behind the weir. 

Let ^2 be any other depdi in ^e hackwater, or altered part of the 
stream. 

It is required to find x, the distance from the weir in a direction 
up the stream at which the altered depth ^2 ^^^ be found. 

Denote the ratio in which the depth is altered at any point by 
2-7- \ = r; and let ^ denote the following function of that ratio: — 

. 1 ^ 2r+l 111, 

+ -^^ arc. tan. -^ = ^ + 3-;g+g^, nearly. 

Compute the values, ^ and f^f ^^ tbis function, corresponding to 
the ratios r^ = ^^ -r- \ and rj = Xg -r- >^ Then 

The following table gives some values of ^ : — 

r f 

i*o 00 



1*1 '680 

1*2 -480 

i'3 37^ 

14 'SiH 

15 -.. ass 

1*6 -318 

17 -189 



i 



r p 

i'8 '166 

1*9 147 

2*0 •132 

2'2 *T07 

2-4 -089 

2*6 ^ -©yd 

2-8 '065 

3'o "OS^ 
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10. Time of JSmptjlng a Bescrroir. — RuLE XXTX. — Let Q be 

the rate of discharge at the outlet, supposing the reservoir kept 
constantly fiill; W, the whole volume of water in it. Then 

. Tfaae in Seccrnds s 

2 W 

For a vertical-sided reservoir of uniform depth, "-7^ 

For a wedge-shaped reservoir (triangtdar vertical ) 4 W 
sections; maximum depth of the sections xmiform), J 3 q 

For a pyramidal reservoir (base at the surface, apex ) 6 "W 
at the outlet), f 5^ 

BuLE XXX. — To find the time required to eqiudize the tvater" 
level in two adjoining basins with vertical sides; calculate the time 
required to empty a vertical-sided reservoir containing a volume of 
water equal to the volume transferred, and of a depth equal to the 
greatest difference of water-level between the basins. 

11. CSMadto from « Weir-Creat.— BULE XXXI. — ^To find the 

horizontal distance to which the cascade of water from a weir- 
crest will shoot in the course of a given fall below that crest; take 
once-and-a-third of a mean proportional between that &I1 and the 
height from the weir-crest to stiU water in the pond. 

12. Rain-Vall. 

IiHsheB Onbiofeet Galons Cubic feet Gallons Inches 

Depth of on on on a on a Depth of 

Badn-falL aaaore. an acre. square mile. square mile Bain-ML 

1 3,630 22,635 2,323,200 14,486,314 I 

2 7,260 45,270 4,646,400 28,972,627 2 

3 10,890 67,905 6,969,600 43*458,941 3 

4 14,520 9o>539 9,292,800 57»945»254 4 

5 18,150 ii3>i74 11,616,000 72,431,568 5 

6 21,780 135,809 13,939,200 86,917,882 6 

7 25,410 158,444 16,262,400 101,404,195 7 

8 29,040 181,079 18,585,600 115,890,509 8 

9 32,670 203,714 20,908,800 130,376,822 9 
10 36,300 226,349 23,232,000 144,863,136 10 

For the conversion' of cubic feet into gallons, and gallons into 
cubic feet, see page 109. 

An tncA of rain per annum on cm acre is roughly equivalent to 
ten cubic feet per day. 

An inch of rain per annwm, on a squa/re mile is roughly equi- 
valent U} forty thousand gallons per day. 

Annual depth of rain-fall in different countries and seasons 
ranges from to 150 inches. 

In Britain, different seasons and districts, 15 to 100 and upwards. 

Batio of available to total rain-fall on gathering-grounds; steep 
impervious rook, from 1*0 to 0*8; moorland and hHly pasture, from 



99 
99 
99 
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*8 to '6; cultivated land, from '5 to *4^ and sometimes less; 

chfitlk, 0. 

Greatest depths of rain in short periods: one hour^ 1 inch; four 

hours, 2 inches; twenty-four hours, 5 inches. 

13. sinbiUtr of Bed of stream.^Greatest velocities of the current 

dose to the bed, consistent with the stability of various materials : — 

Soft clay, 0*25 foot per second. 

Fine sand, 0*50 „ „ 

Coarse sand, and gravel as large as peas, 070 „ „ 

Gravel as large as French beans, i -co „ „ 

Gravel 1 inch in diameter,. 2*25 feet per second. 

Pebbles 1^ inch diameter,.. 3*33 „ „ 

Heavy shingle, 4*00 „ 

Soft rock, brick, earthenware, 4 '50 „ 

Rock, various kinds, < j " j 

' . ' I and upwards. 

14. Strength of Watcr-Pipos. — BULE XXXII. — ^To find the lectst 

proper tliickness of metal for a cast-iron pipe of a given bore, to 
bear a given pressure from within. 

First; divide the greatest pressure, in feet of water (see page 
103) by 12,000, and multiply ^he bore or internal diameter of the 
pipe by the quotient: secondly; take a mean proportional between 
the internal diameter and one forty-eighth of an inch : the greater 
of those two quantities will be the required thickness. 

Rule XXXIII. — To find the greatest working pressure, in feet of 
water, which a cast-iron pipe will safely bear; multiply the thick- 
ness by 12,000, and divide by the internal diameter. 

The bursting pressure should be six times the working pressure. 

As to the weight of pipes, in lbs. to the foot, see pages 149 and 153. 

Rule XXXIV. — For the weight of one foot of a cast-iron pipe, 
in fractions of a ton; multiply the difference of the squares of the 
outside and inside diameters by '00108. 

A faucet on a 9 feet length of pipe adds between one-tenth and 
one-twentieth to the weight. o^u^ ^^ ^^ 

15. I^emand for Water in Towns. per day. 

Used for domestic purposes (liberal supply) , 15 

Washing streets, extinguishing fires, supplying foun- 
tains &c., c 3 

Trade and manufactures, 7 

Total usefully consumed, 25 

Waste, under careful regulation, 2^ 

Total, under careful r^ulation, 27^ 

Additional waste, in some cases, 22^ 

Total in somecases^ •••• 50 
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Greatest hourly demand = from 2 to 2|- x average hourly 
demand. 

Demand as to head, 20 feet above house-tops (after deducting 
loss of head due to velocity and friction in pipes). 

Section II. — Eules relating to Hydraulic Prime Movers. 

1. OeMcral Bales.— BuLE I. — To calculate the total or gross 
power of a fall of water. To the actual head, or depth of fall (from 
the surface of the head-race to the surface of the tail-race), add the 
height due to the velocity of the water in the head-race. (As to 
heights due to velocities, see pages 248, 249.) Multiply the sum 
(or total head) by the volume of the flow of water per second, and 
by the heaviness of water (62*4 lbs. to the cubic foot). The pro- 
duct will be the gross power in foot-lbs. per second. This divided 
by 550 gives the gross horse-power. 

Bemark. — The dimensions of the head-race and tail-race are to 
be fixed by means of the principles of the preceding section, pages 
264, 265. 

BuLE II. — ^To estimate the net or effective power of a fall of water ; 
midtiply the gross power by the probable efficiency of the kind of 
prime mover to be used. That efficiency is a fraction ranging, 

for water-pressure engines, from 0*65 to 0*75 ; 

for overshot and breast wheels, from 0*7 to 0*8; 

for Undershot wheels, from 0*4 to 0*6; 

for a drowned wheel, f of the efficiency of the same wheel 

not drowned; 
for turbines, from 0*6 to 0*8. 

BuLE III. — The vdodty oj greatest efficiency for a water-wheel 
is as follows : — 

Case I. — For wheels which act wholly by impulse, or partly by 
impulse and partly by weight, from 0*4 to 0*6 (or on an average 
one-half) of the velocity of the feed-water; 

Case II. — For turbines acting by pressure, the velocity due to 
half the head (that is, 0*7 of the velocity due to the whole head). ^ 

In Cases L and II. the surface-velocity is measured at the place 
where the wheel receives the water. 

Case III. — For re-action wheels, the velocity measured at the 
cutlets to be that due to the whole head. 

Bemark. — If the whole head is used to impel the feed- water (as 
in wheels which act wholly by impulse), Case I. of Bule III. de- 
termines the best speed for the wheel. If the wheel acts partly 
by impulse and partly by weight, and its velocity is given. Case I. 
determines how much of the head is to be used in giving velocity to 
the feed-water — viz., the head due to from 2\ to 1§, or an average. 
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to dovhU of the mean speed of the wheel. For relations between 
head and velocity, see page 249. 

2. Ortflrtl and llrcart WlMeb.— BULE TV. — DiatMter ofwetshot 

whed = fall — head required for velocity of feed. Velocity of feed 
= 2 X velocity of outer surface of wheeL Ordinary velocity of 
outer surface of wheel = 6 feet per second; velocity of feed-water, 
12 feet per second; head for that velocity, about 2*25 feet. 

A hreast ic^ved may be made of any greater diameter. 

BuLE V. — To find the dea/r breadth (Q between the crauma (or 
fiat rims of the wheel), called also the leafigth of the buckets. 

Let Q be the volume of water, in cubic feet per second; i^ the 
surface velocity of the wheel, in feet per second; r, the outside 
radius of the wheel; 6, the depth of shrouding (=€rom 1 to 1*75 
foot); (all measurements in feet). The buckets are siqiposed to 
run two-thirds full. Then, 

3Q 



%„5(.-^,) 



ErXTLS VL — Other dimensions of buckets. Distance between 
their bottoms, measured on the sole (or inner circumference) = b. 
Opening between lip of bucket and front of the next bucket above 
— ^when the slope of the circumference of the wheel at the point 

where the water is fed to it is between 0° and 2i°, ■=; for steeper 

slopes, o X sin. slope. 

Rule VII. — ^To find the best positions for the guide-blades, 
between which the water flows on to the wheeL 

In fig. 103 let A B be a section of a bucket, B its lip. Draw 

tm the straight line B D H a tangent t o th e cir- 
cumference of the wheel ; and make B D = e^, 

the surface velocity; and B H = 2 e^ Draw 
D L parallel to a tangent to the lip of the 
bucket; draw HO perpendicular to BH, 
cutting D L in C; join B C. 

Then B represents the best velocity for 
the supply of water to the wheel; and the 
middle outlet between the series of guide- 
blades is to be placed at the depth below the 
topwater level in the penstock due to that 
velocity. 

Also, .<^ H B C will be the proper angle 
£br the guide-blades of the middle outlet to 
make with the tangents to the circumference 
of the wheel at the points where they meet 




Fig. 108. 
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it, in order tliat the water may glide into the bucket without 
collision. The co-effidefnt of contraction for orifices between guide- 
blades is abont c = 0*75 j consequently the total area of the oui>- 
lets required for the flow Q^ is given approximately by the 

2 Q 
formula^ A = -r — ; and this is to be provided by having a 

sufficient number of outlets bdbre and behind ths middle outlet 

The positions of the guide-blades for these outlets are foimd as 
follows: — 

Take the depth of the narrowest part of each outlet below the 
topwater levelof the penstock; compute the velocity due to that 
depth; from B lay off distances, such as BK, £L, representing 
those velocities^ so as to find a series of points, such as K, L, in the 
line I) C L; then will ^t^^BK, ^t^BiBIj,he respectively the 
proper inclinations to tangents to the wheel, for the guide-blades 

of outlets where the velocities are B K, B L; and so on for other 
guide-blades. 

The formula gives a total area of outlet rather greater than is 
absolutely necessary; but this is the best side to err on, as any 
excess of outlet can be closed by the regulator. 

Besides computing the area of the outlets between the guide- 
blades, the height of the topwater above the regulator, necessary to 
give the reqxiired flow Q, treating the regulator as an overfall wiife 
the co-efficient of contraction 0*7, should be computed by the for- 
mula h' = f rt j f; and the depth of the upper edge of the 

lowest guide-blade below the topwater level should be made not 
less than the height so found. 

3. Undershot "WheeU (Poiiceleto*)«'^flULE YIII. — {Usual dimonr 

sions of whed and sluice?) 
Diameters fall x 2, nearly. 
(The faU is measured from 
the topwater of the pen- 
stock to the centre of its 
outlet) Depth of shrouding 
s= ^ fdl. Greatest depth of 
opening of sluice = | falL 
To calculate breadth (6) of 
opening of sluice; let Q be 
the volume of water, in cubic 
feet per second; A, the fidl 

in feet; iiien h = -j-r%' 




Ilg. 104. 



Rule IX.— To design the whed-ram. In ^g, 104 draw H F G a 
tangent to the wheel, with a dedivity af one in ten. 
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At the height j^ above H F G, draw K L to represent the 

tipper surface of the stream, meeting the circumference of the 
wheel at the point L. Then make the section of the bottom of 
the wheel-race from G to F an arc of a circle, equal to G L, and 
of the same radius; that is, the outside radius of the wheeL 

From G to E the wheel-race is formed so as to clear the wheel 
hy about 0*4 inch. 

BuLE X. — To design the floats: — 

In fig. 105 draw B C to represent the direction and velocity of 

the stream of feed- water A, and B N 
a tangent to the circumference of 
the wheel at the centre of that 
stream; and fr-om let £all ON 
perpendicular to B N. Make B D 

= ^ of BN, and join CD. This 

line will be parallel to a tangent to 
the lip E of the float. The rest of 
the float may be made of the figure 
of a circular arc, touching a radius 

of the wheel at its inner edge. From two to three floats in the 

length of the arc L G (fig. 103) are in general a suiflcient 

number. 

The efficiency of this wheel is about '6 when not drowned, and 

48 when drowned. 

4. Underaliol Wheel ta an Open CnrreMt. — Wheels of this class 
have their floats usually plane and radial, and flxed at distances 
apart equal to their depth. 

BuiiE XL — The following is the useful work per second of, 
such a wheel;, v being the velocity of the current; u, that of the 
centre of a float; A, the area of a float, in square feet; and D, 
the weight of a cubic foot of water : — 

j^^^^.gDAt^^^^-u)t. 

9 

The velocity of the centres of the floats for the greatest efficiency 
is half the velocity of the current; and the efliciency at that speed 
is 0-4. 

5. TnrbiMco.— BuLE XIL — For the velocity of ihe feed-waier; 
in impulse turbines take the velocity produced by the whole head ; 
in pressure turbines, the velocity produced by half the head. 

BuLE XIIL — To flnd the proper obliquity of the guide-hladea to 
the receiving surface of the wheel; divide the volume of feed- 
water per second by the area of the receiving surface of the wheel 
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(diminished by y^^ for contraction), and by the velocity of feed; the 
quotient will be the sine of the required angle. 

E.ULE XIV. — ^To find the proper obliquity of the floats to the 
receiving surface of the wheel ; in impulse turbines proceed as in 
Bule X., page 272; in pressure turbines make the receiving ends 
of the floats perpendicular to the receiving surface of the wheeL 

BULE XV. — (In this rule the discharging surface of the wheel 
is supposed to be, as it ought, equal to the receiving surface.) To 
find the obliquity of the floats to the discharging surface of the 
wheel. In impulse turbines take the tangent of the obliquity of 
the receiving ends of the floats ; in pressure turbines take tiie tan- 
^nt of the obliquity of the guide-blades. Multiply the tangent so 
found by the radius of the receiving surface of the wheel, and 
divide the product by the radius of the disaharging surface. The 
quotient will be the tangent of the obliquity of the discharging 
ends of the floats. 

6. Re-actfon Wheel*.— E.ULE XVI. — To find the proper total 
area of orifices for a re-action wheel ; divide the volume of water 
per second by the velocity due to twice the head. 

7. Mjdraiilic Ram. — The following proportions for hydraulic 
rams have been found to answer in practice : — 

Let h be the height above the pond to which a poiiiion of the 
water is to be raised ; 

H, the height of topwater in the pond above the outlet of the 
waste clack; ~ c 

L, the length of the supply pipe from the 
pond to the waste clack; 

D, its diameter; then 

H = A;L = 2-8H = 0-14A;d4 = ^4. 

Let Q be the whole supply of water, in cubic 
feet per second, of which q is lifted to the height 
h above the pond, and Q — q runs to waste at the 
depth H below the pond. Then the efficiency of 
the ram has been found by experience to have 
the following average value : — 

|1 = | nearly. 

8. windmiUifc— Smeaton's proportions for sails. (See fig. 106.) 

AB = iAC;BC = |AC; BD = CE = iAC; Cr=^AC. 

Angles of weather ^ or obliquities of the sail to the plane of rota- 
tion, at different distances from the axis of the wind-shaft; 
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Distaooemsixihsof AB,... i 2r 3 4 5 6 

(first bar) (tip) 

Jingle of weather,...*, 18" 19* 18** 16* i2''i f. 

Best i^eod for tips of sails^ 2*6 x speed of wind. 

Ejffectwe power, in foot-lba per second = 0*00034 A «*; where 
A =r area of circle swept by sails, in square feet, and v = velocity 
of wind,, in, feet per second. 

SoCXUMf UL — RULBB BXLAnNG TO PBOPULSIOlir OF VESSELS. 

1. BcriMaaM of tcmm!*.— For relations between speed in feet 
per second and speed in knots, see pages 102, 114v 

B>ULE I. — Given, the intended greatest speed of a ship in knots; 
to find the least length of the afier-hody necessary, in carder that 
the resistance may not increase faster than the square of the 
speed; take tkre&^htha of the square of the speed in knots for the 
lei^th in feet (Scott Bussell's Bule). 

To fulfil the same condition, the fore-hody should not be shorter 
than the length for the after-body giv^i by the preceding rule, and 
may with advantage be 1^ times as long. 

B.ULE II. — To find the greatest speed in knots suited to a given 
length of afber-body in feet; take the square root of 2§ times that 
lengtL 

BuLE m. — ^When the speed does not exceed the limit given by 
Bule IL, to find the probable resistance in lbs.; measure the 
mean immersed girth of the i^ip on her body plsui; multiply it 
by her length on the water-line; then multiply by 1+4 (mean 
square of sines of angles of obliquity of stream-lines). The product 
is called the cmgvfUBmted ewiface. Then multiply the augmented 
surface in square feet by the square of the speed in knots, and by 
a constant co-efficient; the ])roduct will be the probable resistance 
in lbs. (See also page 303). 

Coefficient for clean painted iron vessels, *01 ; 

„ for clean coppered vessels, '009 to •008; 

„ for modenttely rough iron vessels, 'Oil and upwards. 

Bulb HI. a. — For an approximate value of^ the resistance in 
well-designed steamers, with clean painted bottoms; multiply the 
square of the speed in knots by the square of the cube-root of the 
displacement in tons. For different types of steamers the resist- 
ance ranges from *8 to 1*5 of that given by the preceding calcula- 
tion. 

Bttle IY. — To estimate the net or effective horse-power expended 
in. propdlmg the vessel; multiply the resistance by the speed in 
knots, and divide the product by 326. 
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Bttlk TV. A. — To estimate the ffross or induMUd hone-fower 
quired; divide the saBie product l^ 326, snd by the oombincd 
efficiency of engine and propeller. In OTdinaiy eases thai efficiency 
is from '6 to *625 — average, say '613; therefore in soch oases the 
preceding product is to be divided by 200. 

2. TkraM •f FMp«ncts.— RuLB Y. — ^To calculate the thrust of a 
propelling instrument (jet, paddle, or screw) in lbs.; multi|dy 
together the transverse sectional area, in squeure feet, of the stream 
driven astern by the propeller; the speed oi that stream, rdativdy 
to the Mp, in knots; the real slipy or part of that speed which is 
impressed on that stream by the propeller, also in knots; and the 
constant 5*66 for sea-water, <h* 5-5 for fresh water. 

E.ULE YL — Given, the product of the velocity of advance, in knots, 
of a screw prop^ler as if throagh a solid (= pitch in knots x re- 
volutions per hour) into the slip of that screw relatively to tiie 
water in whidi it works (also in knots); required the fwoduct of 
speed and fldip of the stream from the screw, for use in Rule Y. 

Multiply the first product by 1 ? ^ . (This is a good 

*^ "^ ^ '' circumference ^ ** 

rough approximation when the drcnmference is between 1^ and 3^ 
times the pitch.) 

Rbmabk. — The speed of the stream driven astern by feathering 
paddles is sensibly equal to that of their centres; by radial paddles, 
to that of their outer edges. The gross power required to drive a 
radial paddle-wheel is greater than that required to drive a feather- 
ing paddle-wheel of equal thrust, in the ratio of 

^ outer radius of wheel \ . 

^height of axis above watery' ^' 

3. oi«itt«M of flaiL^The centre of buoyancy of a skip is the 
centre of her immersed volume (found by the Rule of page 84, 
Article 7). 

Rule VjlI. — To find the height of a ship's metaeentre above her 
centre of gravity. Divide the length of her load water-line into 
equal intervals, at which measure the half-breaclthe at the load 
water-line. Cube each of those half-breadths; and regard the 
cubes as the ordinates of a plane figure having the length of the 
load water-line as its base. Find the area of ihab figure by 
Simpson's Rule (page 64.) Divide two-thirds of that area by the 
volume of water displaced by the ship. The quotient will be the 
height of the metaeentre above the centre ofhuoycmcy; from which 
subtracting the height of the centre of gravity above the centre of 
buoyancy, there remains the height required, called the m/etacenJt/nc 
height. 

Rule YIII. — To find the momeTU of sail that a ship can bear; 
multiply together the metacentric height in feet^ the displace- 
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ment in tons, the factor 2240 (to reduce the tons to ponnds), and 
the sine of the intended angle of steady hed; the product "will be 
the required moment in foot-lbs. 

Ordinary values of sine of angle of steady heel: ships, *07; 
schooners and cutters for trade Or war, '105; yachts, '157. 

BuLE IX. — To calculate the TnomerU of a given set of sails. 
Multiply their area by the estimated intensity of pressure of the 
wind, and the product by the height of the centre of effort of the 
sails above the ceni/re of lateral resistance of the vesseL 

Hem ARKS. — Sails are adapted to a vessel by so adjusting their size 
and figure that the results of Rule YIII. and Kule IX. are equal 
The pressure of wind to which the extent of canvass called "all 
plain sail" is usually adapted, is about 1 lb. on the square foot. 

The cerUre of effort above mentioned is the common centre of 
magnitude of the sails, found as in pages 83, 84. 

The ceni/re of lateral resistance is at a depth below the surface 
of the water nearly equal to half the vessel's draught of water 
amidshifiia 

The equivalent triangle has for its Ixise a line which usually ex- 
tends horizontally from the dew of the driver (or aftermost lower 
comer of the aftermost sail) to a point directly below the ta^^k of 
iftejib; — and for its height, three times the height of the centre of 
effort above its base (called the haae of sail), 

BuLE IX. A. — Given, the moment of sail, M, as found by Bule 
VIII., and the base of sail, 6; to find the height, z, of the centre 
of effort above the base of sail; also the area of sail. Let A bo the 
height of the base of sail above the centre of lateral resistance; 

then z = A/ I 3.T- + J ) — 5; and area = \^zh. 

Examples of length of base of sail -r length of vessel on load 
water-line. Fore and aft rigged vessels, 1*9 to 1'6; square rigged 
vessels, 1*6 to 1 '35; full-powered steamers, 1*0 to 0*5 (in steamers 
the base of sail usually has a gap in it over the engines and 
boilers). 

KuLE X. — Direct pressure of wind in lbs. on the square foot 

, (velocity of wind in knots)^ 
nearly = i '—^ L 

(See Shipbuilding, Theoretical and Practical^ by "Watts, Eankine, 
Kapier, and Barnes.) 
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PAET IX. 

HEAT AND THE STEAM ENGINE ' 

Section I. — ^Bules belating to the Mechanical Action of 

Heat, especiallt through Steak. 



1. Therm^dTBaMics.— As to measures of temperatore, and of 
quantities of heat, see pages 105, 106. 

E.ULE I. — To find iJie quantity of heat required to produce a 
given rise of temperature in a given weight of a given substance; 
multiply together the rise of temperature, the weight, and the 
specific heat of the substance. (See Table, pages 278, 279.) 

Rule II. — To convert quantities of heat into e^ivcUent qtumtitiea 
ofuxyrk:-^ 

Multiply by 

BritiBh Fahrenheit-units into foot-lbs. , > 772; 

British Centigrade-units into foot-lbs., ^>390 ; 

French units into kilogrammetres, 4^4; 

British units of evaporation into foot-lbs., 745,800; 

French units of evaporation into kilogrammetres, 227,300. 

The first three numbers are values of the dynamical equivalent 
qfheaty often called "Joule's Equivalent," and denoted by J. 

BuLE III. — ^To convert temperatures on the ordinary scales into 
absolute temperatures (See page 105) : — 

In Fahrenheit's degrees, add 461^*2 

In Centigrade degrees, „ 274*0 

In B^aumur^s degrees, „ 219*2 

Fahr. Cent B^o. 

Absolute temperature of melting ice, 493'''2 274° 21 9^*2 

Atmospheric boiling point of water, 673*2 374 299*2 

(See Table, pages 280, 281, 282.) 

Bulb IV. — ^To find the efficiency of a perfect heat engine, working 
between given limits of temperature ; divide the difference or range 
between the limits of temperature, by the higher limit of aheoliUe 
temperature, 

Bemark. — The efficiency thus found is never fully realized by 
any actual heat-engine, but is approximated to in the course of 
improvement 
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Table of the Elasticitt of a Perfect Gas. 



EXPLANATION OF SYMBOLS. 

T. — ^Temperature, measured from the ordinary zero. 

L — ^Absolute temperature, measured from the absolute zero. 

P. — ^Pressure of a perfect gas in pounds avoirdupois on the square 
foot. 

V. — ^Volume of one pound ayoirdupois in cubic feet. 

PV. — Product of these quantities at any given temperature. 

PoVq. — ^Value of that product for the temperature of melting ice. 



i 



Centigrade. 

T ^ t 

- 30** 244^ 
-25 249, 

— 20 254 

-15 259 

— 10 264 

- 5 269 
o 274 . 

+ 5 279 

10 284 

15 289 

20 294 

25 299 . 

30 304 

35 309 

40 314 

45 3^9 

50 324 • 

55 329 

^o 334 

^5 339 

70 344 

75 349 ^ 

80 354 

85 359 

90 364 



Fahrenhat. 



-22' 

-13 

- 4 

+ 5 

14 

23 

.. 32 

41 

50 

59 
68 

.. 77 
86 

9B 
104 

"3 
..122 

131 
140 

149 

158 
.167 
176 
185 
194 



i 

4392 
448*2 

457*2 
466*2 

4752 

484*2 

493'2 
502*2 

511*2 
520*2 
529*2 
5382 

547*2 
5562 

5<55*2 
574*2 

5832 
5922 
601*2 
610*2 
619*2 
628*2 
637*2 
646*2 

^55*2 



PV 

PoVo 

0*8905 

0*9088 

0*9270 

0*9453 
0*9635 

0*9818 

•0000 

*Ol82 

•0365 

*o547 

•0730 

*09I2 

•1095 

•1277 
•1460 
*i643 
•1825 
•2007 
'2190 

2373 

•2555 
2738 

•2920 

•3103 
3285 



ELASTICITT OF A PERFECT OA& 281 

C«ntignid«. Fahrenhat. ^^ 

T i It p^V<> 

95** 3^9* 203* 664*2 1-3468 

xoo 374 212 673*2 X'3650 

105 379 221 682-2 i'3832 

no 384 230 691*2 1*40x5 

115 389 239 7002 1*4197 

120 394 248 709*2 1*4380 

125 399 257 718*2 1-4562 

130 404 266 727*2 1*4744 

135 409 275* 7362 1*4927 

140 414 284 7452 1*5109 

145 419 293 7542 1*5292 

150 424 302 763*2 x*5474 

155 429 3" 772*2 1*5657 

160 434 320 781*2 1*5839 

165 439 329 790*2 1*6022 

170 444 338 799*2 1*6204 

175 449 347 8o8*2 »*6387 

180 454 356 817-2 1*6569 

185 459 365 826*2 1*6752 

190 464 374 835*2 1*6934 

195 469 383 844*2 1*7117 

200 ......... 474 392 8532 x*7299 

205 479 401 862*2 1*7481 

210 484 410 871*2 1*7664 

215 489 419 880*2 1*7846 

220 494 428 889*2 1*8029 

230 504 446 907*2 1*8394 

240 514 464 9252 1*8759 

250 524 482 943*2 1*9124 

260 534 500 961*2 1*9489 

270 544 518 979*2 1*9854 

280 554 536 997*2 2*0219 

290 564 554 1015*2 2*0584 

300 574 572 1033*2 2*0949 

3x0 584 590 xo5i*2 2*1314 

320 594 608 1069*2 2*1679 

330 604 626 xo87*2 2*2044 

340 614 644 xoo5*2 2*2409 

350 624 662 XI23*2 2*2774 

360 634 680 XX4X2 2*3139 

370 644 698 XI592 2*3504 

380 654 716 xx77*2 2*3869 
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Centigrade. 
T t 



Fahrenheit. 



390 
400 

410 

420 

430 
440 

450 
460 

470 

480 

490 

500 

520 

540 
560 
580 
600 
620 
640 
660 
€80 
700 
720 
740 
760 
780 
800 
820 
S40 
860 
S80 
900 
920 
940 
960 
980 
fOOO 



664^ 
674. 
684 
694 

704 

714 

724 , 

734 

744 

754 
764 

774. 

794 
814 

834 

854 
874. 

894 
914 

934 

954 

974 - 

994 
1014 

1034 
1054 

1074 , 

1094 

1114 

1134 

1154 

1174. 

1 194 

1214 

1234 

1254 

1274 



734' 
752 

770 

788 
806 
824 



ii95'» 
, 1213*2 

I231'2 
1249*2 
1267*2 
1285*2 



842 1303-2 



•>.. • »»• «.••»• 



860 
878 
896 
914 

932 
96B 
1004 
1040 
1076 
III2 
II48 
1 184 
1220 
1256 
1292 
1328 

1364 
1400 

1436 



1321*2 
1339-2 

1357*2 
13752 
1393*2 
1429*2 
1465*2 
1501*2 
1537*2 
1573*2 
1609*2 
1645*2 
1681*2 
1717*2 

17532 
1789*2 
1825*2 

1 861 -2 
1897*2 



• •« • « • •'• • «« • 



1472 1933*2 

1508 1969*2 
1544 3005*2 
1580 2041*2 
1616 2077*2 

1653 2113*2 

168S 2149*2 
1724 2185*2 
1760 2221*2 
1796 2257*2 
1832 2293*2 



PV 

PoVo 

3-4234 

2*4599 
3*4964 

3*5329 

3*5693 

3*6058 

2*6423 

2*6788 

27153 
2*7518 

2*7883 

2*8348 

2*8978 

2*9708 

3*0438 
3*1168 

3*1898 

3*2628 

3*3358 
3*4088 

3*4818 

3*5547 
36277 

37007 

37737 
3*8467 
3-9197 

3.9927 

4*0^7 
4*1387 

4*2117 

4*2847 

4*3577 

4*4307 
4*5036 

4*57^<5 

4*6496 
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BuLE T. — To find the total ivork in a heat-engine done by a 
giren expenditure of heat; reduce the expenditure of heat to units 
of work (see Rule II., page 277), and multiply by the efficiency. 

Bemabk. — ^A quantity of heat equivalent to the total work 
thus fi>und disapi^eaxs; and the remainder of the heat expended 
is rejected. ' 

BuiiE YL — ^To find the expenditure of heat in a heat-engine 
required in Order to do a given total quantity of work; divide by 
the efficiency, or multiply by its reciprocsal; the product will be the 
required expenditure of heat expressed in equivadent units of work; 
which may bo reduced to units of heat by dividing by the proper 
co-efficient, as given in Rule II. 

As to expansion hy heai, see pages 147, 148; also Tables, pages 
278 to 282. 

Rule YIL'^-To find the total heat of evaporation of an unit of 
weight of water : the temperature of the feed-water and the boiling 
point being given. To the latent heat of evaporation of an unit 
of weight at the atmospheric boiling point (966 British Fahrenheit 
units, or 537 French units), add 1 for eveiy degree that the feed- 
water is hdow the atmospheric boiling point, and 0*3 for every degree 
that the actual boiling point is al>ove the atmospheric boiling point. 

To calculate the same quantity in units of evaporation at the 
atmospheric hoUvng point, divide the result of the preceding calcu- 
lation by 966 for British Measures, or 537 for French Measure&L 
(See Table of Factors of Evaporaticm, page 284.) 

Rui£ YIIL — ^To calculate the pressure of steam correspondjing 
CO a given boiling point, or the boiling point corresponding to a 
given pressure. Let p be the pressure (absolute) ; t, the boiling point, 
tn absolute temperature T + 461*2 Fahr.; A,B,C, constants. Then 

, . B C 1 //A - log o B2 \ B 

logp = A - ^ - -,; . == ^^_^ + _j « _ 

Yalues of constants for steam, with common logarithms^ and 
pressures in lbs. on the square inch, — 

A LogB. LogC. 2";^. ^-^2. 

^•looy 3*43642 5*59873 0*003441 o'ooooii84 

B=2732> = 396045. 

Rule IX. — Given, the volume of a pound of steam at a given 
pressure; to calculate the volume of a pound of steam at another 
pressure. The difference between the logarithms of the volumes 
is very nearly siocieen seventeenths of the difference between the 
logarithms of the absolute pressures; and the greater volume 
corresponds to the less pressure. 

This rule serves to find volumes of steam corresponding to pressures 
intermediate between those given in the Table, pages 285 to 2^^ 
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BuLE IX. A. — {Founded on Fairhaim and Tat^a Mule for tlie 
Volume of Steam, but unth different constants,) — To the absolute 
pressure ia lbs. on the square inch, add 0*35; divide 389 by 
the sum ; to the quotient add 0*41 ; the sum will be the volume of 
one lb. of steam in cubic feet, nearly, for pressures ranging from ^ 
atmosphere to 10 atmospheres. 

For relations between pressures, volumes, and temperatures of 
steam, see Plate at end of volume. 

Bulb IX. b. — To find the weight of steam required to fill a given 
volume at a given pressure; divide the given volume by the volume 
of one lb. of steam. 

Hffed of Salt on Boilmg-pomt, — Each 32d part by weight of salt 
in water raises the boiling-point l®-2 Fahr. = 0®'67 Cent. Ordi- 
nary sea-water contains one-32d part of salt. 

2. AcUon of Steam in CyUnder.— RULE X. — ^To calculate the 

indicated power of an actual steam-engine from the capacity of 
cylinder, indicator-diagram, and number of revolutions per minute. 

From the indicator-diagram (as explained in page 242, Bules 
XV. and XVI) determine the mean ^ective pressure; multiply it 
by the effective capacity of cylinder (being the volume swept by the 
piston per stroke), and by the number of revolutions per minute, 
for a single-acting engine, or twice that number for a double-acting 
engine; the product will be the indicated power in foot-pounds per 
miniUe; which, being divided by 33,000, will give the indicated 
horse-povoer* . 

Bemakk. — As to the adaptation to each other of the unit of 
intensity of pressure and the unit of volume swept, see page 239, 
Bemark on Bule IV. 

BuLE X. A. — Or otherwise: — Multiply the mean effecUve pressure 
by the a/rea of piston, for the load; then multiply the load by the 
distance travelled by the piston per minute, for the indicated 
power in units of work per minute. (In single-acting engines 
forward strokes alone are to be reckoned in the distance travelled; 
in double-acting engines both forward and return strokes, whose 
amount per minute is then called mean speed of piston.) 

Bemabk. — The effective or available power is usually about 0*8 
of the indicated power; that fraction being the efflcvency of the 
mechanism, 

Bule XL — In a proposed steam-engine, to estimate the ratio in 
which the initial absolute pressure in the cylinder will be less than 
the absolute pressure in the boiler. Let v denote the mean velocity 

* When indicator-diagrams are taken for scientific purposes, the weather- 
barometer should be observed, in order that absolute pressures may be de- 
duced from the diagram ; which of itself shows only differences between the 
pressures of the steam aud of the atmosphere. As to conversion of pressures^ 
flee pages 103, 115. 

V 
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A . . . 

of the piston in fed per second; —, the ratio in which the area of 

the piston is greater than that of the steam-port of the cylinder; t^ 
the absolute tempenUure of the steam in Fahrenheit degrees; then 
the required ratio is nearly y 

t^^A8 

180 <a2' 
The velocity of the steam in the port, — ^ should not exceed 

100 feet per second; and then the ratio becomes 1 Tott: 

loU t 

= 1 — -— nearly for Fahrenheit's scale, or 1 — — for the C^atigrade 
t t 

scale. Let t = 720*» Fahr. = 400** Cent. ; then the ratio = 0-92 

nearly. 

BULE XII.-*^To calculate approximately the ratio (^^) ^ 

•which the mean ahsohUe pressure in a cylinder will probably be 
less than the initial absolute pressure at a given rate of expansion 
r. (When r exceeds 2, the accumulation of liquid water in the 
cylinder must be prevented by jacketing or by superheating; 
otherwise the economy due to expansion cannot be realized.) 
Method 1. — (Nearly exact for dry saturated steam.) 

« 

Pm_ 17~16r~^ 

(The quantity r "~ """ may be computed by taking the reciprocal of 
r (called the effective cuUoff), and extracting the square root four 
times.) 

For results of Method 1, see Table A, page 292 ; also the right- 
hand diagram of the plate at the end of the volume. 

Method 2. — (Steam moderately moist: — Absolute pressure x 
volume supposed sensibly constant.) 

jPffl_ l4.hyp. log, r 

Pi r 

For hyperbolic logarithms, see page 14. For residts of Method 2, 
see Table £, page 292. 

Bemakk. — In ordinary practice, the difference between the 
results c^ those methods is so small, that the choice between 
them depends mainly on whether a table of squares or a table of 
^yperboHc logarithms is at hand. 
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Method 3.»— (See Bg. 107.) Draw a straight line C A B, in 

which make A B = 4 A C. Draw A D perpendicular to C A B; 

and about describe the circular arc BD cutting AD in D. 

D E 
Then in D A take E, so that =r-T- shall 

JJ A. 

represent the effective cut-off (and 

consequentlyg^ the rate of expansion). 

At E draw E F parallel to A B. Then 

E F 

-T-=r will be the required ratio of mean 

A 15 

to initial absolute pressure, nearly. 

The results of Method 3 lie between 
those of Methods 1 and 2. ^*«- ^^7- 

BxTLE XIII. — Given, the initial absolute pressure, the absolute 
back-pressure, and the rate of expansion; to calculate the mean 
effective pressure; multiply the initial absolute pressure by the 
ratio found as explained in Bule XII. ; the product will be the 
mean absolute pre&sure; from which subtracting the hack-pressure, 
the remainder will be the required mean effective ptessure. 

Absolute hack-pressure in lbs. on the square inch; 

In non-condensing engines, from 15 to 18. 
In condensing engines, from 3 to 5. 

Bule XIV. — ^To allow for the effects of clearance on the expan- 
sion and pressure. Let c be the fraction expressing the ratio borne 

by the clearance to the effective cylinder-capacity; -;, the actual 

T 

cut-off, or fraction of the stroke during which the steam is admitted; 
-, the effective ciU-off, or reciprocal of the rate of expansion. Then 

1 

1 r - 1+c 

- = 1 ;• and r = r" •= y 

rl + c' 1 + c/ 

From the real rate of expansion r, as above computed, calculate a 
value of the mean absolute pressure by Rules XII. and XIII. ; let 
it be denoted by pm : then the corrected mean absolute presswre is 
as follows : — 

Case I. When there is no cushioning; p'm^Pm — c (Pi— Pm); 
p^ being the initial absolute pressure; 

Case II. When steam enough is cushioned to fill the clearance 

at the pressure p^; p\= -^T 

* First published in the Engineer for the 13th Apri], 1866. 
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Expansive "Wobking op Steail — Table A. — Dry Saturated Steam, 
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Table B. — Moderately Moist Steam. 
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Explanation of Tables. — r, rate of expansion; -, effective 

cut-off; p-i, initial absolute pressure; pf^, mean absolute pressure. 

E.ULE XV. — To find the effective cylinder-capacity required for a 
proposed steam-engine. To the intended u8^/uL vxyrk per minute 
add an allowance (say one-fourth on an average) for resistance of 
engine; the sum will be the indicated work per minute. Divide, if 
the engine is single-acting, bj the intended number of revolutions^ 
or if double-acting, by twice the intended number of revolutions 
per minute, for the indicated work per stroke; which being divided 
by the intended mean effective pressure, will give the required 
effective cylinder-capacity. 

As to the units in which it will be expressed, see page 239. 

Divide the effective cylinder-capacity by the length of stroke; the 
quotient will be the area (if piston. 

3. Ezpendltaro of Heat in the CyllMder and Efltciency of the 

Steam. — RuLE XVL — To calculate the dbscHute pressure of release 
(jOg) (that is, the absolute pressure at the end of the expansion); 
Case I. — Dry saturated steam, 

or otherwise : in the left-hand diagram of the plate find the volume 
corresponding to p^', multiply it by r for the final volume, and 
find the corresponding pressure from the diagram. 

Case II. — Moderately moist steam; divide the initial pressure 

by the rate of expansion (that is, make j^g = — j. 

Rule XVII. — To calculate the intensity of a pressure (jt?*), 
equivalent approximately to the rate at which heat is expended in 
the cylinder. Find p^ as in Rules XII. and XIIL, and jpo ^ ^ 
Rule XVL; then 

In condensing engines, pi^ = Pm + ^^ P2> 
In non-condensing engines, ^7^ — Pm + ^^Pi> 

These results are correct to about one per cent. 

Rule XVIII. — ^To calculate the efficiency of the steam. Let p^ 
be the back pressure, and p, = Pm — Pz the mean effective pressure, 
found as in Rule XIIL Then 

Efficiency of steam = ^ = ^? " ^\ , — . 

jPa i>« + 15or U;>2 

Bxtle XIX. — To find the expendii/wre of heat in the cylinder in a- 
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given time; either multiply the indicated work in that time by the 
reciprocal of the efficiency, ~; or multiply the volume swept by 

the piston in the same time by pj^ 

The result is expressed in units of work, which may, if required, 
be converted into ordinary units of heat, or into units of evapora- 
tion, by dividing by the proper co-efficient as given in Bule II., 
page 277. For practical purposes units of evaporation are the 
most ccmvenient. . 

BuLE XIX. A. — ^For the effect of clearance on the expenditure 
of heat; calculate the expenditure of heat as if there were no 
cleai^nce; then, — 

Case I. — ^If there is no cushioning, multiply by 1 + c /. 

Case II.-r-If Hhere is cushioning sufficient to fill the clearance 
with steam at tii^ absolute pressure p^; multiply by r-i-r'. (See 
Rule XIY.) 

REMABK«.~^The result of the preceding calculations includes not 
only the heat required to produce the steam, but the additional 
heat required to prevent it from condensing to any considerable 
extent in the cylinder. 

The following are rules for obtaining exactly, by the aid of the 
Table at pages 285 to 288, some of the results to which approxi- 
mations are given by the preceding rules of this and the previous 
Article :— 

One lb. of steam is supposed to be admitted to the cylinder at 
the temperature T^ ; then expanded, until its temperature falls to 
Tg, being maintained by the aid of jacketing in the state of dry 
saturation; and then discharged agaipst a back pressure equal to 
the final pressure. 

The numbers 1 and 2 denote quantities in the Table correspond- 
ing to the temperatures 1 and 2 respectively. 

Bulb A.- — ^Work of one lb. of steam, Ui - Ug. 

Rule B. — ^Expenditure of heat, in units of work, Ui — Ug + Hg 
— A; the value of h being that corresponding to the temperature 
of the feed-water. Of this heat, Hj — A is expended in producing 
the steam, and the remainder in preventing condensation in the 
cylinder. 

4. Szpendltnre of DFster.-— RuLE XX. — ^To find the net loeiglU of 

Jeed-water required per stroke; divide the total cylinder-capacity 

by the volume of one lb. of steam at the pressure of release {p^, as 

found by means of Rule IX., page 283, or IX A., page 289; or of 

the Table, pages 285 to 288; or of the left-hand diagram in the plate. 

Rule XX a. — For a rough approximation to the net weight of 
feed'ioater per stroke, correct to 10 per cent., and erring on the safe 
side; multiply together the absolute pressure of release and cylinder- 
capacity so as to get the product in foot-lbs., and divide by 
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^0,000. For the approximate net volume in cuibie feet per stroke, 
divide the same pvoduot by 3,000,000. 

Another rough approximation to the net weight of feed-water in 
a given time is to take the expenditure of heat on the steam (Kale 
XIX.) in units of evaporation. 

ExTLE XXL — For the ff^oss /eed-tocUer, midtiply the net feed* 
water, 

If the supply is pure water, by 2; 

If ordinary fresh water, by 2^; 

If sea-water, and the brine is to be discharged at n times 

2 n 
the saltness of sea-water, multiply by r. 

Values of n, 3 2^ 2. 

Orross 

-^^^ feed-water, 3 3^ 4. 

BuLE XXII. — In a condensing engine, to calculate i^e nei 
weiglU of condensation-water per stroke; from the expenditure of 
heat, in units of work per stroke, subtract the indicated work per 
stroke; the remainder will be the r^eoted heat, in units of work per 
stroke, which is to be divided by 35,000 for British Measures, or 
10,600 for French Measures, to give the weight in lbs. or kilos. 

For cuMc feet per stroke^ divide the rejected heat in foot-lbs. by 
2,200,000. 

BuLE XXIII. — For the gross supply of condensation-water, 
multiply the net supply by 2. 

Section II. — Btjles belatino to Furnaces and Boileb& 

1. Fuel. — BuLE I. — To estimate the theoreticai evaporative power, 
that is, the total heat of combustion of fuel, in units of evaporation 
(see page 277), per unit of weight of fuel, from the chemical analysis 
of the fuel. Distinguish the constituents into carbon, hydrogen, 
oxygen, and refuse, expressing the quantity of each as a fraction of 
the whole weight analyzed. Let C, H, and O be the fractions for 
oarbon, hydrogen, and oxygen respectively. Then, 

Theoretical evaporative power = 15 C + 64 ( H — o* )• 

Bttle II. — Net weight of air chemically necessary for the ccnn-^ 
plete combustion of an unit of weight of fuel; 



12 + 36 



(=-!)• 



In most furnaces some additional air is required to dilute the pro- 
ducts of combustion, thus increasing the supply of air required ia 
the ratio of 1| : 1 or 2 : 1. 
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Examples of Theoretical EvAPORATiyE Powers of Fuel. 

Carbon, 15 

Hydrogen, 64 

Various Hydrocarbons, ; from 20 to 22^ 

Charcoal and Coke, „ 12 to 14 

Coal, best qualities : — Anthracite, * 15 

^tuminous, from 14 to 16 

Oxygenous, about 13^^ 

Brown, „ 12 

Peat, absolutely dry, „ 10 

Wood, do., „ 74 



9} 



99 



99 



*> 



Bad qualities of coal from a given coal-field, about | of the best 
qualities. 

BuLE III. — ^To estimate roughly the efficiency of a furnace and 
boiler (being the ratio of available to total heat). 

Case I. — Draught produced by a chimney : — ^Divide the intended 
number of square feet of heating surface per lb. of fuel per hour by 
the same number + 0-5 : eleven-twelfths of the quotient will be the 
probable eflficiency of the furnace, nearly. The following are 
examples : — 

Square feet 

heatine surface 

per lb. fuel 

per hour. 

Small heating surfeice,. 0*50 

075 



EfQciency 

of 
Furnace. 



Ordinary heating surface in 
tubular boilers, 



Water-tube and cellular 



boilers, ( 6 



I 'GO 

I 25 
1-50 

2 -GO 
3GO 
•GO 



0*46 

o'6i 
065 
o'6g 

073 

079 
0-84 



Available heat 
per lb. coal, 

if total heat ia 
13^1 units of 

Evaporation. 

6*21 

7*43 
8-24 

877 

93^ 

9-85 
10*66 

1 1 '34 



The efficiency of a furnace is liable to be diminished by from -2 
to '5 of its proper value through unskilful firing. 

Case II. Draught produced by a blast pipe or by a fen; put 0*3 
in the divisor instead of 0*5. 

Rule IV. — To estimate the available heat of combustion of fuel; 
multiply the total heat of combustion by the efficiency of the 
furnace. 

BuLE V. — ^To estimate the probable expenditure of fuel in a 
^ven time required in a given steam engine. 

Estimate the expenditure of heat by Bule XIX of the preced- 
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ing section, page 294, and divide it by the available heat of combii»> 
tion of an unit of weight of the f ueL 

2. I^lmensloiM of Furnaces and Boilers and their Fittings. — Area 

of fire-grate; in furnaces with chimney draught, from •! to -04 
square foot per lb. of fuel burned per hour. 

Area of jfi/re-grate ; in furnaces with draught forced by blast- 
pipe or otherwise, from '04 to -Ql square foot per lb. fuel per 
hour. 

HecUin^ surface; see preceding Ai*ticle. 

Sectional a/rea of flues or tvihes from f to i of area of gi*ate ; area 
of chimney, about iV area of grate. 

Capacity of boiler; steam and water space = heating surface x 
from 3 feet to IJ foot in stationary cylindrical and flue boilers; 
fix)m 1 foot to '5 foot in tubular boilers, stationary or marine; and 
about '1 foot in locomotive boilers and water-tube boilers. 

Capacity of fumade, flueSy and tubes = area of grate x from 6 to 
8 feet. 

Area of air-holes above level of grate = about -h area of 
grate. 

Pitch of boiler stays, from centre to centre ; in marine boilers, 
from 12 to 18 inches; in locomotive boilers, 4 or 5 inches; work- 
ing tension, 3,000 lbs. on the square inch. Working tension on 
hoUer shells, from 4,500 to 6,000 lbs. on the square inch. As to 
strength of flues, see page 211. 

Area of safety valve, — Rulk — Multiply the greatest weight of 
water to be actually evaporated in lbs. per hour by OOG; the pro- 
duct will be the required area in square inches. See p. 303. 

Brin^ refrigerator for marine boilers : surface of tubes should if 
possible be to square foot per lb. of brine blown off per hour (from 
i to i of gross feed- water). 

Injector, — Sectional area of narrowest part. Utile. — Divide the 
gross feed- water to be supplied in cubic feet per hour by 800, and 
by the square root of the pressure of the steam in atmospheres; 
the quotient will be the required area in square inches. For 
circular inches, divide by 630 instead of 800. 



Section III. — Yarious Dimensions op Engines. 

1. Condensers— Pnmps.~CW9non condenser, from J to ^ capacity 
of cylinder. 

Injection sluice; find the gross volume of condensation-water per 
minute by Rule XXIII., page 295; divide by 1,620 feet; the 
quotient will be the area in square feet. 

Air-pump, single-acting, for common condenser; from 7 to ^ 
capacity of cylinder. Yalves and passages of such size that speed 
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of fluids passing through shall not exceed 12 feet peir seeond 
Double-acting air-pump may be half the capacity. (See p. 304.) 

Fee&pump9 depend for their capacity on gross su^y of feed- 
water (see Bule XXL^ page 295) ; and cold toater pumps <m the 
gross supply of condensation-water. (Hule XXIII., page 295.) 
£rme'pump9 for boilers fed with salt water, from ^ to ^ of capacity 
of feed-pumps. 

Surface condenser, from 2^ to 5 square feet sur&ce per indi- 
cated horse-power; air-pump, if single-acting, ^ capacity of 
cylinder. 

1 . 2. Sleam-paMages and Talre-ports to be of SUch area that velocity 

of steam shall not exceed 100 feet per second. 

3. sude-TaiTe GemiHm^ — By the angular advance of the eccentric 
is to be understood the angle at which the eccentric radius stands 
in advance of that position which would bring the slide-valve to 
mid-stroke when the crank is at its dead-points. 

Rule I. — Given, the positions of the crank at the instants of 
admission and cut-off; to And the proper angular advance of the 
eccentric, and the proportion of the lap on the induction-side to 
the half-travel of the slide.* 

In fig. 108 let A B and A C be the positions of the crank at 
the beginning and end of the forward stroke; let the arrow show 
the direction of rotation; let X a; be perpendicular to B C; let 
A D be the position of the crank at the instant of cut-off, and 
A E its position at the instant of admission. Draw A F, 
bisecting the angle E A D; A F will represent the position of the 
crank at the instant when the slide is at the forward end of 
its stroke; and FAX will be the angular advance of the 
eccentric. 

Lay off the distance A F to represent the half-travel; and on 
A F as a diameter describe the circle A H F G, cutting A D in 

AG AH 

G and A E in H; then -r-= = ^ will be the required ratio of 

lap a>6 the indtustion-side to half-tra/vel; and A G = A H will 
represent that lap, on the same scale on which A F represents the 
half-traveL 

On the same scale, I K represents the vndth of opening of the 
"valve at the beginning of the stroke, sometimes called the "lead of 
the slide,'* Strictly speaking, this is the lead of the induction-edge 
of the slide only; the lead of the centre of the slide being A K; 
that is, its distance from its middle position at the beginning of the 
forward stroka 

* The method used in this and the following rules is that of Professor Dr. 
Zeuner, of the Swiss Federal Polytechnic School at Ziirich, published in his 
treatise on Slide- valVe Gearing, entitled. Die Schkbersteuerungen^ 



SLIDB^TALTB OEABING. 



299 



Rule II.— Given, the data and results of the preceding rule, and 
the position, A M, of the crank at the instant of release; to find 
the ratio of lap on the eduction-side to half-travel, and the positioa 




of the crank when cushioning begins. Produce F A to L, making 

AL = AF; onAL asa diameter draw a circle cutting A M in 

AN. 
N : then -^-y will be the required ratio of lap at eductym-side to 

h(df-1/ravd. 

About A draw the circular arc N P, cutting the circle A L 
again in P; join A P; then A P will be the required position of 
the ercmk at the instcmt when cushioning begins. 

Bulb IIL — Given, the data and residts of Bule I., and the 
position, A Q, of the crank at the instant of cushioning; to find 
the ratio of lap at the eduction-side to half-travel, and the position 
of the crank at the instant of release — ^produce *E A as before; 
on ALsFAasa diameter draw a circle cutting A Q in P: 
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A P 

yY will be the required radio of lap at tite edticUon-dde to IkjoXf- 

i/ravd. 

About A draw the circular arc P N, cutting the circle A L 
again in N; join A N: A N will be the position of the crank at 
the instant of release. 

KuLE IV. — Given, the angular advance of the eccentric, the 
half-travel of the slide, and the lap at both sides; to find the 
positions of the crank at the instants of admission, cut-off, release, 
and cushioning. Draw the straight lines B A C and X A a; per- 
pendicular to each other; and take B and to represent the dead 
points. Let the arrow denote the direction of rotation. Draw 
F A L, making the angle E A X = the angular advance of the 
eccentric; and make A F = A L = half-travel. On A F and 
A L as diameters, draw circles. About A, with a radius equal ta 
the lap at the induction-side, draw an 2xq cutting the circle on 
A F in H and G; also, with a radius equal to the lap at the 
eduction-side, draw an arc cutting the circle on A L in N and P. 
Draw the straight lines, A H E, A G D, A N M, A P Q. These 
will represent respectively the positions of the ci*ank at the instants- 
of admission, cut-off, release, and cushioning. 

Rule V. — For an eccentric to drive a sepa/rate expansion gridiron 
slide-valve, make the angular advance 90°; also make width of 
openings -j- half-travel of valve = sine of angle made by position 
of crank when steam is cut-off with position at dead point. 

4. i.iiik-i»E«tioii.— In fig. 109 let A be the axis of the shaft; A B,. 
the forward eccentric radius; A C, the backward eccentric radius^ 



Fig. 109. 



B D, the forward, and C E, the backward eccentric rods; D E, the- 
link; F, the slider or stud. Eadius of curvature of link = length 
of rods, or nearly so. 

Eule YI. — To find the motion of the slide valve produced by 
any intermediate position of the stud, such as F. 

With a radius bearing the same proportion to Jialf the distance- 
B C,that the length of the rods BD bears to that of the link DE,, 
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draw the arc B C* If the eccentric rods are so placed (as in the 
figure) that when the eccentrics are inclined towards the link, the 
rods are crossed, make the arc B C convex towards the axis A. If 
the eccentric rods are so placed as not to Be crossed when the 
eccentrics are inclined towards the link, make the arc B C concave 
towards A. In that arc take a point, K, dividing it in the same 
proportion in which the stud F divides the link D E. Then the 
motion of the stud, F, will be veiy nearly the same as if it were 
directly connected by a rod K F with a crank A K. Consequently, 
from the half-travdy A K, and the angular advance, of that sup- 
posed crank, the motions of the slide-valve and their effects may be 
deduced by Hule IV. of the preceding Article. 

5. Nominal H«rse-P«wer. — I. Orainary Rule for Condeming 
Engines. — Multiply the cube root of the stroke in feet by the 
square of the diameter of the cylinder in inches, and divide by 
60. 

II. Admiraltj/ Etde/or Screw-Propeller Engines only, — Multiply 
the mean velocity of the piston in feet per minute by the square of 
its diameter in inches, and divide by 6,000. 

III. Rvle for, Non-Condensing Engines, — Multiply the cube root 
of the stroke in feet by the square of the diameter of the cylinder 
in inches, and divide by 20. 

The indicated power of* steam engines ranges from on^e to six 
times the nominal power. 

^This constmotion is due to Mr. MTariane Orfty (see his Geometm 
qf the Slide Valve.) ' 
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ADDENDA TO PAET IX, SECTION L 



Fahr. 
o 



Fastoa mf s^ikUk— The following are the mdting povnJta of a few 
of the more important substances. The last seven are given on 
the authority of Daniell. 

Fahr. 

Bismuth^ » 493** 

Lead^ 630 

Zinc, 773 

Silver, 873 

Brass, 1,869 

Copper, ii99^ 

Grold, 2,016 

Cast-iron,.... » 2,786 

Wrought-iron, above 3,280 



Mercury, — 38 

Ice, + 32 

Alloy—Tin 3, lead 5, ) 

bismuth 8, about, j ^^° 

Sulphur, 228 

Alloy— Tin 4, bismuth 5, ) , 

lead 1, J ^ 

Alloy— Tin 1, bismuth 1, 286 

Alloy— Tin 3, lead 2, 334 

Alloy — ^Tin 2, bismuth 1, 334 
Tin, 426 

LaienJt heat of ^ fusion of ice, about 140 British units; of tin, 
500. 

Flow •rGai«(k— Let the pressure, bulkiness, and absolute tem- 
perature of a gas within a vessel be p^, v^, t^, and without the 
vessel, P2, t?2> ''^2} s-nd let p^ Vq be the value of pv for the absolute 
temperature t^ of melting ica (See page 278.) Let y be the 
ratio in which the specific heat of the gas is greater at constant 
pressure than at constant volume; 

Let O be the area of an orifice through which the gas escapes 
from the vessel ; 

k, a co-efficient of corUractiony or of effluxy so that the effective area 
of the orifice is A; O; 

Uy the maximum velocity which the particles of the gas acquire 
in escaping, when there is no friction; 

W, tiiie weight of the gas which escapes in a second; then. 



W = 



hOu 



v« 






Yalnes of y: air, 1-408; steam-gas, about 1*3. 
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Values of the co-efl5cient of efflux k for air, with efiective pres;* 
sures of from '23 to 1*1 atmosphere (Weisbach) : — 

Conoidal mouthpieces, of the form of the con- k 

tracted veiu, 0*97 to 0*99 

Circular orifices in thin plates, 0*563 to 0*788 

Oatiiow of Steam — Roagh Approximatioii. — ^Let p^ he the internal 
and j?2 *^® external absolute pressure; g, weight of outflow per 
unit area per second ; then when p2 = or.^ fpi, q =p-^ -r- 70 nearly ; 

and when i?2 ^ f ^i» ^ = (^2 -^ 42) • 7 {(Pi " P2) "^ iPiif 
nearly. Contraction for safety valve openings about 0*6. 

Abbendum to Part III., page 132. 

iLerenins hj the Barometer. — To correct the difference of level 
given by the formula, for variations in the force of gravity, divide 
by the co-efficient of g^ in the note to page 245. 



Abbenbum to Part VIL 

jPrictioH of ijeatker CMiars.— The friction of the lieather collar of 
a hydraulic press plunger is equal to the pressure upon a ring equal 
in circumference to the plunger, and of a breadth which, according 
to Mr. William More's experiments, is about A of the depth of 
bearing surface of the collar; and according to the experiments of 
Mr. Hick and Mr. Luthy, from '01 inch to '015 inch, according to 
the state of lubrjlcation of the collar. 



- Abbenbum to Part VIII., page 274. 

AJ«ilt— I Rostottmce of fMrfp, dne to «liort atfter-bodr* — Let V be 

the speed in knots; I, the proper least length of after-body, in feet 
= f t?2; Z', the actual length of after-body; S, the area of midship 
section, in square feet; sin ^ y, the mean of the squares of the sines 
of the angles of obliquity of the stream-lines of the after-body; then, 
additional resistance in lbs. — 

= 5-66 «8 sin 2y . S a / (l - -^ j, nearly. 
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Ezpl«siTe Oas-Engine. — Best proportioDS of explosive mixture; 
air, 8 volumes; common coal-gas, 1 volume. Absolute pressure 
immediately after explosion, Pi = 5 atmospheres = 10,580 lbs. 
on the square inch, nearly. Let r = ratio of expansion ; pg = ^^' 
solute pressure at end of expansion ; Pq = absolute back pressure ; 
W = indicated work per cubic foot of explosive mixture. Then 

P2 = ^1 »• "6 > ^^^ 

5 7 

W nearly = g (Pi - Po) - 2 (^ "" ^)P2 + (^ - 1) (P2 - Po); 

W 

the mean effective pressure isp^ = — - 

Approximate formula for final pressure where r is not greater 
than 7 nor less than 2; p^ nearly = 0*54 ( - + -g ) ^ 0025. 

Addenditm to Part VL 

DellectloH •f Spring** — Straight springs are to be treated as beams. (See 
page 221.) For spiral springs^ mtule of cyimdrical rod or wire, the following are 
the roles: — 

Let r be the mean radius of the spiral spring, measured from the axis to the centre 
of the wire ; n, the nnmber of coils of which it consists; d, the diameter of the wire; G, 
the co-efficient of rigidity of the material; ,f, the greatest safe shearing stress npon it; 
W, any load not exceedmg the greatest safe load; v, the corresponding extension or 
compression; Wi, the greatest safe steady load; Vxi the greatest safe extension or 
impression; then 

W Cd* _ 0-196 /rf» 12-666 »/r« 

V = 64^' ^* = ""7 — ' ^'^ c5 • 

THe greatest safe saSden load is -^ 

,.. . . i * .' • ' ■ . , Wi^i 2-463 n/«rJ« 
. Thf Ri^iUaiicd of thtf spring is given by the formnla, — g— = ^ . 

The values of the v6o-effici^1i C, of transverse elasticity of steel and charcoal iron 
wire in 11^. en t^esqiiare inch, range between 10,500,000 and 12,000,000. 

By the greatest safe stress mnst here be' understood the greatest stress which is 
certain not to impair the elasticity of the spring by frequent repetition; say 80,000 lbs. 
on the square inch. 

Addendum to Part IX., page 298. 

Resistance •f Alr-pamp of Steam-Engine equivalent to the follow- 
ing additional back-pressure, in lbs. on the square inch of steam 
piston; good air-pumps, 0*5 to 0*75; bad, I'O. 
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Absolutb temperature (see Tempera- 
ture). 

tmit of force, 104. 
Abutments, stability of, 184. 
Acceleration, 245. 
Actual ener^, 246. 
Adhesion oiTocomotiYes, 243. 
Air, expansion and elasticity o^ 280. 

for furnaces ; supply o^ 295. 

flow of, 302. 
Air-pump of steam engine, 297, 304. 
Aluminiimi bronze, strength o^ 205. 
Angles, measures o^ 90. 

i^uction o^ to the centre, 130. 

taken by sextant, reduction o^ to 
the level, 130. 
Angle of repose, 180, 182. 

to set out a right, 127. 
Angular momentum, 247. 

velocity, measures o^ 102. 
Aqueducts (see Water). 
Aix^h, linear, or equilibrated rib (see 
Bib). 

of masonry or brickwork stability 
0^188. 

strength o^ 224. 
Area, measures of, 95. 
Areas, mensuration o^ 63, 129, 143. 
Asses, work o^ 251. , 

Atmospheric pressure, 115, 132. 
Axis 01 rotation, 229. 
Axle, stren^ o^ 226, 249. 
Azimuth, 119. 

Back pressure (see Steam). 
Backwater from a weir, 265. 
Bands in mechanism, 235. 

Motion o^ 241. 
Barometer, levelling by, 132, 303. 
Bars, weight o^ 153. 
Base of survey, to measure, 123. 
Beams, action of load on, 212. 

allowance for weight o^ 220. 

continuous over piers, 224. 

cross-sections of equal strength for, 
219. 



Beams, deflection o( 221. 

effect of twisting on, 226. 

limiting length o^ 221, 

of uniform iSrength, 219, 229. 

proportion of depth to span o^ 224. 

resilience of, 224. 

shearing action on, 216. 

stiffiiess o^ 221. 

strength o^ 212. 

sudden load on, 216. 

to deduce stress from deflection 
0^224. 

travelling load on, 216. 
Bed of stream, stability o^ 268. 
Belts (see Bands). 
Bending, resistance to (see Beam). 
Bevel-wheels, 231. 
Blasting, labour o^ 253. 
Blocks and tackle, 238. 
Blowing off; 297. 
Boiler, dimensions and fittings o£ 297. 

efficiency of, 296. 

strength of, 207, 211, 297. 
Boiling point, levelling by, 133. 

effect of saltness on, 289. 
Boiling points (see Steam). 
Bolts, strength o^ 208. 
Boring, labour oj^ 253. 
Bracing of frames, 168. 
Brake, 241. 

Brass, strength of, 195, 197. 
Breaking across, resistance to (see 

Beam). 
Brickmaking, labour o^ 253. 
Brickwork, labour o^ 254. 

stability o^ 179. 
Bridges, framed, 169. 

girder (see Beams). 

iron or timber, arched, 225. 

stone and brick (see Axch). 

suspension, 227. 
Brine, blowing off, 297. 

boiling points oj^ 289. 
Bronze, strength o^ 195, 197. 
Building, labour o^ 253, 254. 
Bulkiness, 147. 
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Buoyancy, 146, 157. 
Buttresses, 184. 

Cables, strength of^ 204, 227. 

Canvas, strength o^ 205. 

Capacity for heat (see Specifi" heat). 

measures of, 99. 
Carbon (see Fuel). 
Cascade, 267 

Catenarian curves, tables of co- 
ordinates of, 175. 

ribs, 174. 
Catenary, 80, 174. 
Cement, strength o^ 203. 
Centres for ar^es, 190, 255. 
Centre of buoyancy, 157. 

of gravity, 153. 

of maniitude, 81. 

of osculation or percussion, 155. 

of pressure, 156. 
CentrifiigEj force, 246. 
Chains, equilibrimn of, 170. 

strength of, 227. 
Chairs, railway, weight o^ 244. 
Channel, flow in, 264 

stability of bed o^ 268. 
Charcoal (see Fuel). 
Chimney, 297. 

Circular lengths and areas, 39, 42, 
68,77. 

arcs, 61, 77. 
Clearance, 291, 294. 
Coal (see Fuel). 
Coke (see Fuel). 
Collapsing, renstance to, 211. 
Columns, strength o^ 210. 
Combustion (see Fuel). 
Compression, resistance to, 209. 
Concrete, strength of^ 203. 
Condensation-water, 295. 
Condenser, common, 297. 

surface, 298. 
Conduits (see Water). 
Cone, to measure, 71, 73, 74. 
Connecting-rod, strength of, 209, 250. 
Contraction of stream, 259. • '^ 
Copper, strengtii of; 195, 197. 
Couples, statical, 161. 
Crank, motion of^ 236. 
Cross -breaking, resistance to (see 

Beam). ^ 

Crushing, resistance to, tables, 197, 

201, 203, 205; rules, 209. 
Cubes of numbers, 1, 11. 
Current (see Water). 
Curvature of the earth, 117. 



Curvature of the earth, correction for, 

131. 
Curves, measurement of the length 
0^74. 

on railways, cant o^ 139, 142. 

setting out, 133, 139. 
Cut-off (see Steam, action of). 
Cuttings (see Earthwork). 
Cylinder, capacity o( for steam, 293. 

strength o^ 207, 211. 

Day, mean solar, 90. 

sidereal, 90. 
Deflection of beams, 221. 
Density, 147. 
Deviating force, 246. 
Diagram of work, 242. 
Dip of horizon, 122. 
Discharge, co-efficients of; 259. 
Drainage area (see Kain-fall). 

Earth, curvature of the, 117, 131. 

dimensions of the, 117. 

heaviness o^ 152. 

natural slope o^ 180. 

pressure o^ 179, 180, 18a 
Earthwork, breadths o^ 142. 

labour o^ 253. 

mensuration of; 143. 

setting-out, 142. 
Eccentric (see Slide valve gearing). 
Efficiency, conditions of greatest, in 
heat engines, 277. 

of a fall of water, 269. 

of furnace and boiler, 296. 

of machines, 239. 

of propellers, 275. 

of steam, 293. 

of turbines, 269. 

of vertical water-wheels, 269. 
Effort, 240. 
Elasticitv of cases, 278, 280. 

of solids, 195. 
Elliptic areas, 69. 

arcs, to measure, 78. 
Embankments (see Earthwork). 
Energy, 239. 

actual, 246. 

actual, of a rotating body, 247. 

of heat, 277. 

j)otential, 239. 
Epicydoidstl teeth (see Teeth). 
Equilibrated arch (see Arch). 
Equivalent, dynamical, of heat, 277* 
Evaporation, factors o^ 284. 

latent heat o^ 283. 
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Evaporation, total heat o^ 283. 

unit o^ 105, 277. 
Excavation (see Earthwork). 
Expansion by heat, 147, 280. 

by the slide valve, 208. 

valve, 300. 
Expansive action of steam, 290, 292. 

Factors of safety, 205. 

Falling body, 248. 

Fall 01 water, energy of^ 269. 

Feed-pnmp, 298. 

Feed-water, 294. 

Fifth powers and squares, 32. 

Floats of water-wheel, 272, 273. 

Flow of water (see Water). 

of gas, 302. 
Flues, dimensions o^ 297. 

strength of, 211. 
Fly-wheels, 247. 
Foot-pound, 103. 
Force, absolute unit of, 104. 

centrifugal, 246. 

component, 159. 

distributed, 146, 158. 

driving, 240. 

result^t, 158, 159. 

work of varying, 242. 
Forces, composition and resolution 
of; 158, 159. 

parallel, 162. 
Foundations, iron tubular, 254. 

on piles, 182. 

ordmary, 181. 
Frames, bracing o^ 168. 

equilibrium and stability o^ 165, 
169. 
Friction, moment o^ 241. 

of earth, 180. 

of machines, 240, 303. 

strap, 241. 
Frictional stability of masonry, 186. 
Fuel, available heat of combustion 
0^296. 

expenditure o( 296. 

supply of air to, 295. 

total neat of combustion of, 295. 
Furnace and boiler, dimensions and 
fittings o^ 297. 

efficiency o^ 29C. 
Fusion, 302. 

Gaps in station-lines, to measure, 

128. 
Gases, elasticity o^ 148, 280. 
Gas-engine, explosive, ^)4. 



Gases, flow o^ 302. 

heaviness o^ 149. 

properties o^ 278. 
Gathering-ground (see Bain^^Edl). 
GJearing, 298. 

Greodesy, engineering, 117. 
Girder (see Seams). 

continuous, 224. 

stiffening, for suspension bridges, 
226. 
Governor (see Pendulum, revolving), 

246. 
Gradients, ruling, 244. 
Granite, strength o^ 197, 203. 
Gravity, accelerating effect o^ 245. 

centre o^ 153. 

motion under, 248. 

specific, 146. 

specific, table of, 149. 
Gyration, radius o^ 154. 

Head due to velocity, 249. 

of water, 256. 
Headings, labour of driving, 253. 
Heat, dynamical equivalent o^ 277. 

engines, efficiency of; 277. 

expansion by, 147, 148, 278, 280. 

expenditure o^ in an engine, 283; 
293. 

intensity o^ or temperature, 105, 
106, 277, 280. 

latent, 105, 283. 

of combustion, 295. 

quantities o^ 105. 

specific, 277, 278, 279. 

unit o^ 105. 
Heating surfstce, 296. 
Heaviness, 102, 147. 

tables o^ 149. 
Height due to velocity, 248. 

table o^ 249. 
Hoop, stress o^ 176. 
Horse-pOwer, 104. 

indicated, of steam engine, 289. 

nominal, 301. 
Horses, work of, 251. 
Hydraulic press, strength o^ 208. 

ram, 273. 
Hydraulics, 256. 
Hydrocarbons (see Fuel). 
Hydrogen (see Fuel). 
Hyperbolic areas, 70. 

logarithms, 35, 38. 

Ice, melting o^ 302. 
Impulse, 2&. 
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Indicated power, 289. 
Indicator, steam engine, 242. 
Inertia, moment 04^154. 

reduced, 249. 
Injection water (see Condensation). 

valve or sluice, 297. 
Iigector, 297. 

Intensitvof (pressure, 103, 115. 
Iron arched ribs (see Ribs). 

beams (see Beams). 

bridges (see Bridges). 

cast, strength o^ 195, 197, 199, 
201. 

chains (see Chains). 

fastenings, 208. 

malleabte and steely, strength of, 
191, 200, 201. 

pipes, strength o( 207, 268. 

resilience oC 194. 

struts and pillars, 209. 

Jet-pbopellsb, 275. 
Journals, strengtii o^ 226, 249. 
Jumping holes in rock, labour o^ 
253. 

Keys, strength oi, 208. 
Kilogramme, 97. 
Kilogramm^tre, 104. 
Knot, or nautical mile, per hour, 
102. 

liABOXTB, 253. 

Land measures, 95. 

mensuration o^ 129. 
Latent heat of evaporation, 283. 

heat of fusion, 2^. 
Latitude of a plaoe, to find, 122. 

lendih of a minute o^ 117, 118. 
Lengtn, measures of, 92. 
Level, for angles, 130. 

reduction to the, for distances, 
127. 
Levelling, 131. 

by the barometer, 132, 303. 

bv the boiling point of water, 133. 
link motion, 300. 
Linkwork in mechanism, 236. 
Locomotive engine, adhesion o^ 243. 

tractive force o^ 244. 

weight o^ 244. 

worK of, 245. 
Logarithms, common, 1, 11. 

hyperbolic, 35, 38. 
Longitude, length of a minute o£ 117, 

118. 



Maohikbs, 228. 

balancing o^ 241. 

driving mrce o^ 240. 

friction o( 240. 

reduced inertia o^ 249. 

varied motion o( 245. 

work of (see Work). 
Magnitude, centre o^ 81. 
Man, work o^ 252 (see Labour). 
Masoniy, labour o^ 253, 254u 

stability o( 179. 
Mass, centre of (see Centre of 

gravity). 
Measures, British and French, com- 
parative table o^ 110, VI. 

multipliers for conversion oi^ 107t 
112. 

of absolute force, 104. 

of angles, 90. 

of area, 95. 

of capacity, 99. 

of heat, 105. 

of heaviness, 102. 

of intensity of pressure, 103. 

of len^h, 92, 95, 96, 99. 

of statical moment, 104. 

of stress, 103. 

of temperature, 105. 

of time, 90. 

of value, 100. 

of velocity, 102. 

of volume, 96. 

of weight, 97. 

of work, 103. 

solid, 96. 

superficial, 95. 
Mechanism, 231. 
Melting points, 302. 
Men, work o^ 252. 
Meridian, to find the, 119. 

lengtl^ of arcs o^ 117, 118. 
Metre, 92. 
Mile, 92, 93, 94. 

nautical, 93. 
Mines, labour of driving, 253. 
Moment, measures o( 104. 

of inertia, 154. 

of sail, 275. 

of stabihty, 185. 

of weight, 153. 
Momentum, 245. 
Moneys, 300. 
Mortar, strength o( 203. 
Motions, comparison o( 228. 
Mules, work o^ 251. 
Muscular strength, work o^ 2501 
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Kauti^al mile, 93. 

Kominal horse-power of engines, 901. 

Ketches, flow of wster through, 261. 

Orifice, flow throueh (see Water). 
Oscillation, centre oi (see Centre). 
Overshot water-wheeLs, 269, 270. 
Oxen, work o^ 251. 

Paddlbs, 275. 
Parabola, area o^ 63. 

length o^ 79. 
Parallel foroes, 162. 

motion, 236. 
Peat (see Fuel). 
Pendulnm, revolying, 246. 
Percussion, centre o^ 155. 
Periodical motion, 238. 
Piles for foundations, 182. 

screw, 183. 
Pillars, stTenc;th o( 209. 
Pins, fffcren^h of, 208. 
Pipes, friction in, 258. 

flow in, 263. 

strength o^ 207, 268. 
Piston, 238. 

rod, strength o^ 210, 250. 
Planimeter or platometer, 80. 
Plank roads, labour of making, 255. 
Plans, scales for, 125. 
Plat^ buckled, strength o^ 227. 

weight o^ 153. 
Platometer, 80. 
Polygons, regular, 88. 
Ports, steam, 289, 298. 
Posts, strength o^ 209. 
Potential energy, 239. 
Pound, standard, avoirdupois, 97. 

sterling, 100. 
Power, measurement of, 104^ 239. 

muscular, 250. 

ofafftllofwater, 269. 

of steam engines (see Steam). 

of windmills, 270. 
Press, hydraulic, strength of,. 207. 
Pressure, centre o^ 15o. 

intensity o( 103, 115. 

of earth, 179, 180, 183. 

of steam (see Steam). 

of the atmosphere, 115, 132. 

of water, 103, 179 (see Head). 
Prime factors, 33. 
Projections, parallel, 87. 
Propellers, 275. 

Propulsion of vessels, 274^ 303. 
Pull (see Tension). 



Pulleys and belts, 235, 238, 24L 
Pumps for steam engines, 2^7. 

QuABBYiNb, labour o^ 253. 

Bails for railways, 244. 
Railways, breadths o^ 141. 

curves on, 133. 

power exerted by locomotiyes an^ 
245. 

resistance of vehicles on, 243. 

ruling gradients o^ 244. 
Rain-fefi, 267. 
Kam, hydraulic, 273. 
Ran^ng (see Setting-out), 133. 
Be-action of moving body, 2^. 

water-wheel, 273. 
Reciprocals of numbers, 1, 11, 31* 
Reduced inertia, 249. 
Reduction of resistaaoes in maohines 

to the driving point, 240. 
Refraction, astronomical, 122. 

correction of levds for, 131. 
Repose, angle o^ 180, 182. 
Reservoir, time of emptying, 267. 
Resilience of beam, 224. 

of iron and steel, 194. 

of silk, 204. 
Resistance of carriages on roads, 242. 

of earth, 181, 183. 

of machines (see Friction). 

of materials (see Strength). 

of railway trains and engines, 243. 

of ships, 274, 303. 

of water in pipes and channels, 
257,258. 
Resolution of forces, 158, 159. 
Resultant of couples, 161. 

of distributed force, 158. 

of inclined forces, 158, 160. 

of parallel forces, 162. 

of stress, 158. 

of weight, 158. 
Retaining walls, stability o^ 184. 
Retardation, 245. 

Rev6tements (see Retaining walls). 
Rhumbs, table of^ 89. 
Ribs, arched, equilibrium o^ 174^ 176. 

strength o^ 225. 
Right angle, to set-out, 127. 
River-bed, stability o^ 268 (see 

Water-channels). 
Rivets, strength o^ 208. 
Rivetted joints, strength o^ 207* 
Rivettine, labour o^ 255. 
Roads, plank, labour of makings 255. 
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Boads, resUtanoe of vehicles on, 242. 
BocU, weight <^ 153. 
Bock-blastiiig, labour o^ 253. 

boring, 253. 

Iban&tions, 181. 

heaviness o^ 152. 

quarrving, 253. 

tnnnelling in, 253. 

(See also Stone.) 
Hopes, stri^Qffth o^ 204. 
Botation, 229. 

actual energy o^ 247. 

angular velocity o^ 102. 

axiso^ 229. 
Euptore, modulus o( 198, 201, 202. 

Savbtt, flEictors o^ 205. 

valve, 297, VI. 
Sails of ships, 275. 
Sandstone^ strength o£ 197, 198, 

203. 
Scales for plans, 125. 

for sections, 126. 
Screws in mechanism, 235. 
Screw piles, 183. 

propeller, 275. 
Sections, method o^ applied to frame- 
work, 169. 

scales for, 126. 
Setting-out curves, 133. 

slopes and breadths, 142. 

works, 133. 
Sextant angles, to reduce to the 

level, 130. 
Shafts, strength o^ 226, 249. 
Shearing, resistance to, 197, 201, 

208. 
Ships (see Vessels). 
Simpson's Bules, 64. 
Sines, 61. 

Slate, strength o( 195. 
Slide valve rearing, 298. 
Sluices, disduu^ge from, 263. 
Solid, centre of magnitude of^ 84. 

measures, 96. 
Solids, mensuration o^ 72. 
Soundings, reduction of, 133. 
Specific gravity, 146. 

tables of, 149, 278, 279. 

heat, 277, 278, 279. 
Speed-cones, 235. 
Speed, measures of^ 102. 
Spheres, strength of, 207. 

volume of, 73. 

weight of, 153. 
Spherical areas, 71. 



Spherical triangles, 55,* 58, 72. 
Springs, deflection o^ 304. 
Squares of numbers, 1, 11. 
Stability of masonry, 179. 

of vessels, 275. 
Stars, declinations o^ 121. 
Station-lines of surveys, 119, 128. 
Steam, action o^ on piston, 289, 290, 
292. 

back pressure o( 291. 

density o^ 283, 285, 289. 

efficiency o^ 293. 

expenditure of friel on, 296. 
of heat on, 293. 
of water on, 294. 

engines, dimensions o( 293, 297. 

latent heat oj^ 283, 284. 

mean pressure o^ 290, 292. 

outflow of, 30a 

passages, resistance o^ 289. 

pressure of saturation o^ 283, 285. 

room (see Boiler). 

tables relating to action o^ 285, 
292. 

total heat o^ 283, 284 

valve, 298. 

volume 0^ 283, 285, 289. 
Steel, resilience of^ 194. 

strength of, 191, 200. 
Stiffiiess of beams, 221. 
Stones, heaviness of^ 152. 

strength o^ 195, 197, 198, 203. 
Stream (see Water). 
Strength of axles, 226. 

of beams, 212. 

of boilers and cylinders, 207, 211. 

of bolts, pins, keys, and rivets^ 
208. 

of machinery, 249. 

of piUars and struts, 209. 

of pipes, 207, 208. 

of ropes and cables, 204. 

of shafts, 226, 249. 

of spheres, 207. 

of suspension bridges, 173, 225, 
226. 

of teeth, 233. 

of tie-bars, 206. 

of tubes and flues, 207, 211. 

of wheels, 250. 

rules for, 205. 

tables o^ 191. 
Stress, measures o^ 103. 
Stretching, resistance to, 195, 206. 
Struts, strength o^ 209. 
Surfftce-condenser (see Condenser). 
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Surface, heating (see Heating sur- 
face). 
Survey, base for (see Base). 

scales for, 125. 
Surveying, 127. 
Su8})ension bridge, 173, 225. 

stiffening girder for, 226. 

Tackle, 238. 
Tangents, 61. 
Tearing, resistance to, 191, 195, 

206. 
Teeth of wheels, dimenBiong and 

figure of; 233. 
strength of; 233, 250. 
Temperature, 105, 106, 277, 280. 
Tenacity (see Tearing, resistance 

to). 
Tie-line iQ surveying, 127. 
Ties, stren^ o^ 206. 
Timber, labour of working, 254. 

strength o^ 196, 198, 2w2. 
Time, measure o^ 90. 
Thermodynamics, 277. 
Thermometers (see Temperatore). 
Towers, stability o^ 181 
Towns, demand of water for, 268. 
Trains, railway, resistance o^ 243. 
Transport of loads by muscular power, 

Transverse strength (see Baptore and 

Beams). 
Triangles, approximate solution of 
spherical, 58. 
solution of plane, 53. 
solution of spherical, 55. 
Trigonometrical rules, 52. 
Trigonometiy, use o^ in surveying, 

129. 
Trochoid, 70. 
Truss (see Frame). 
Tubes, strength oi, 207, 211. 
Turbines, efSsiency o^ 269. 
, dimensions and figure o^ 272. 
TunnelB, arching at, 188. 

labour of excavation in, 263. 
Turning (see Rotation). 
Twisting, resistance to (see Axles). 

Undbrshot water-wheels, 269, 271, 
272. 

Yalus, measures o^ 100. 
Valve, safety, 297. 

sUde, 298. 
Vaults, stability of (see Aroh). 



Velocities, virtual, principle of, 240. 
Velocibr, measures o^ lOz. 

.angular, measures o^ 102. 
Vessels, propulsion o( 274. 

resistance o^ 274, dOa 

sails of, 275. 

stabiUty o^ 275. 
Virtual velocities, 240. 
Vis-viva (see Energy, actual). 
Volumes, measurement o^ 72. 
Viaducts (see Bridges). 

Walls, stability of, 184. 
Water-channels, discharge o^ 264. 

resistance o^ 257. 

stabihty o^ 268. 
Water, contraction of streams of( 
259. 

demand for, in towns, 268. 

discharge of; from orifices, notchesi 
and unices, 263. 

expansion of; by heat, 147. 

flow o^ 256. 

gauging, 260. 

head o^ 256, 257. 

measurement of flow o^ 260. 

power, 269. 

pressure engines, 269. 

pressure o^ 179. 

ram, 273. 

supply of; by rain-fall, 267. 
Water-pipes, discharge through, 263L 

resistance in, 258. 

strength o^ 268. 
Water-wheels, dimensions and figure 
o^ 270. 

efficiency o^ 269. 

horizontal (see Turbines). 

vertical, 269, 270. 

re-actiou, 273. 
Water-wheel in an open sorrenti 

272. 
Wave-lines, area o^ 70. 
Weight, measures of; 97. 

tables oi^ 149. 
Weirs, 261, 265. 

casGEtde from, 267. 

swell and backwater from, 265. 
Wheels, 231. 

bevel, 231. 

paddle, 275. 

skew-bevel, 232. 

strength o^ 250. 

teeth o^ 23a 
Wind, action o^ on towers and chim- 
neys^ 184. 
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Wind, pressme o^ 276. 
WindimUs, 27a 
Wood (see Fad: also Timber). 
Work, against vaiying resistance, 
242. 

calculation of, 238. 

during retardation, 245. 



Work, m^asares o( 102. 

of acceleration, 245. 

represented by an area, 242. 

useful and -wasteful, 239l 
Works, setting out, 133. 

Yard, standard, 92. 
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